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INVESTIGATION OF DEVICE FOR MEASURING SEWABILITY 
 
SUMMARY 
Today, the apparel and garment sector has increased the variety of models and 
shortened production times. Previous years they were preparing three collections 
yearly but they are producing six collections today  according to requirements. This 
models are constantly changing therefore producers need to use different fabrics and 
materials simultaneously. Additionaly retailers prefer to keep go with minimum 
quantity of inventories in their storage but this leads production in small lots and 
shortened delivery period.  
 
The manufacturers have obliged to respond this ever-changing small lots of quantitiy 
by adapting themself to the new production methods.  Biggest progress has been 
made for sewing machines, up to 5.000 to 6.000 stitches automatic spine, multi 
functions machines has been developed  for these reasons, automation and automatic 
adjustments during production is important today. 
 
In modern garment manufacturing sector with increasing technological development, 
sewing machines have stronger motor components compare with previous machines. 
These strong motors are providing high-speed sewing operations. As a result of high-
speed working, high needle penetration forces are occurred. During sewing at high-
speed, the needle thread is subjected to repeated tensile stresses at very high rates. A 
high penetration force means a high resistance of the fabric and thus a high risk of 
damage. Seam damage can be a serious cost problem, often showing only after the 
garment has been worn. To extent of damage on the fabric becomes more critical 
problems if the fabric used as thick and heavy construction.  
The increasing variation of fabric structures, combined with the significant reduction 
of order size, boosts the need to decrease lead times and avoid quality problems, 
which normally introduce serious production delays. 
Due to the final product ready to wear all of the previous production processes affect 
the quality of the product, and hence the performance characteristics. There are many 
parameters, which are affected the quality of final product such as fabric type, 
weaving type, production process (joining of textile materials), dyeing and finishing 
process etc. The main objective for manufacturers makes high quality, cost-effective 
and efficient production. In clothing and apparel sector, it is difficult to reduce the 
cost because of the relation between rapidly changing of fashion.  
Development on the automatic sewing machine can provide many advantages to 
solve these problems and get high level in this compatitive sector. With just a simple 
push of a button, you have selected the stitch and the optimum settings for length, 
width, balance, pressure and tension. Improved sewing machine can be adjusted with 
automatically. 
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The main aim of the producers to overcome this damage problem, increase the seam 
performance and quality, there are many parameters should be considered such as 
seam strength, slippage, puckering, stitch density, sewing type, needle cutting, and 
suitable needle size et.  
 
Also other most important parameters that have an influence on seam damage 
tendency are fabric construction, chemical treatments of the fabric, needle thickness 
and sewing machine settings with sewing thread. Fiber content, yarn construction, 
tightness and density are important parameters for fabric construction on seam 
damage.  
 
To prevent the sewability problems which are caused by needle penetration force, at 
first, the forces acting during sewing must be analyzed. The aim of this thesis is; 
more sensible measurement for needle friction in sewing process and sewing 
dynamics (sewing needle penetration forces) when we compare with current systems 
and devices. And also to be obtained an ideal curve with the development of a 
database from  this system according to the characteristics of machines ranging from 
fabric and thread settings for on-line monitoring. 
 
Sewing machine (Brother- industrial sewing machine), strain gauges, amplifier and 
computer system (to report the data) were used to establish the measremnt sytem for 
needle penetration forces. Six different denim fabrics were used for the experimantel 
stages. Three of them 100% cotton, one of them 98% cotton - 2% elastane, one of 
them 98.5% cotton - 1.5% elastane and one of them is 74% cotton - 24% PA – 2% 
elastane. Coats Epic yarn which is ticket number 80, 40/2 tex, 2 ply 100 % spun 
polyester sewing thread was used for all experiments. Two different needle sizes 
were used according to the fabric weights. Groz-Beckert industrial sewing needles 
were used. First needle, which is DP*5, needle no. 10, Nm 120/ 19 and point shape is 
R, used for 1000 rpm and 2500 rpm. Second needle, , which is DP*5, needle no. 10, 
Nm 130/ 21 and point shape is R, used for 2500 rpm. Experiments were done in two 
different sewing speed 1000 and 2500 rpm. Two vaious stitch density were used 
respectively 3stitch/cm and 5 stitch/cm. 
 
Since warp seams are more significant to overall garment appearance, sewing 
measurements were done in warp directions. 10 cm * 120 cm samples were prepared 
from six denim fabrics in warp directions, as described in ASTM-D 1908. Machine 
setting were adjusted for every new fabric type to give a balanced stitch. 
 
Before starting each group of fabric samples sewing, one measurement was taken 
without any fabric. This step was applied for each group of fabrics in two sewing 
speed in order to eliminate other forces which are occurred by the system. Then 
samples were sewing at determinated sewing speed. Force calculations were  done by 
using MATLAB program and force formula.  
 
Generally, it was observed that the needle penetration forces are higher than the 
needle withdrawal forces. The first important observation is that the main parameter 
influencing needle penetration and withdrawal forces is sewing speed. As a results of 
experiments which were done at 1000 rpm and 2500 rpm sewing speed,it is found 
that  sewing speed signifanctly influence the needle penetration forces. There is an 
increase in needle penetration forces with the increase in sewing speed. 
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The second important result is the influence of number of plies of the fabrics. 
According to results, needle penetration forces increased with increase in the number 
of fabric ply. The highest penetration force value was measured during sewing six 
ply fabrics. The reason of the increasing needle penetration forces with the ply of the 
fabric is related with the increasing frictional forces between needle and fabrics.  
 
Third parameter is  the effect of fabric weight to the needle penetration forces. It can 
be observed that fabric weight has a significant parameter for the needle force. When 
the other conditions such as speed, number of ply are equal for each group of 
samples, the highest weight fabric, which is Fabric 6, has a higher needle penetration 
forces. The lowest weight fabric, which is Fabric 5, has a lowest needle penetration 
forces. Weight of fabric is sorting by bigger than lower; 6>1>3>4>2>5. And the 
needle penetration is directly related with these weight sorting.  
 
Last group of experiments include the effect of needle size on needle penetration 
forces.It is found that needle size has an important influence on the needle 
penetration forces. The lowest needle penetration force occurs in small needle size. 
The main reason for this situation is needle friction area increased with the increase 
in needle surface area. When the needle number is increasing, friction forces are 
increasing because of increase in needle surface area. 
 
The results are statistically analysed by SPSS statistical program and high correlation 
is found between sewing speed and number of plies of the fabrics.  
 
Moreover, the fabric damage has also been analysed according to ASTM D-1908 
standard. The highest needle cutting index belongs to sample 5. Compare with the 
results of two sewing speed, lowest speed‟ needle cutting indexes are lower than the 
highest speed needle cutting indexes. 
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DĠKĠLEBĠLĠRLĠĞĠN ÖLÇÜMÜ ĠÇĠN CĠHAZ GELĠġTĠRĠLMESĠ 
ÖZET 
Günümüzde hazır giyim ve konfeksiyon endüstrisinde model çeşitliliği artmış ve 
üretim süreleri çok kısalmıştır. Daha önceki yıllarda üç koleksiyon hazırlanırken 
yılda altı koleksiyon hazırlama gereksinimleri doğmuştur. Bu da hazır giyim imalatı 
sırasında sürekli model değişimi ve dolayısıyla farklı kumaşlar ve farklı dikiş 
ipliklerinin aynı anda kullanılmasını gerektirmektedir. Bunlara ilaveten satış 
noktalarında stoklar mümkün olduğu kadar minimum tutulmaktadır; ancak bu durum 
da küçük partiler halinde ve kısa teslim süreli üretimlere neden olmaktadır.  
 
Konfeksiyon imalatında, üretici bu devamlı değişen ve küçük partiler halinde olan 
taleplere en kısa sürede uyum sağlayarak cevap vermek mecburiyetindedir. Moda 
endüstrisindeki bu gelişmelerin yanı sıra, dikiş makinalarında da büyük ilerlemeler 
kaydedilmiştir. Dakikada 5.000 – 6.000 dikiş gerçekleştiren otomatik diken, ilik 
açan, cep takan makinalar geliştirilmiştir. Yüksek dikiş hızları nedeniyle ipliklere 
gelen gerilimler ve iğne kuvvetleri artmakta ve dikiş işlemi sırasında hem dikiş 
iplikleri hem de dikilen malzemedeki iplikler hasar görmektedir. Dikilen parçalarda 
oluşan dikiş hasarı, denim kumaş gibi kalın ve ağır gramajlı kumaşlarda daha fazla 
önem kazanmaktadır. Çünkü dikiş işleminden sonra mamul yıkama işlemine tabi 
tutulmakta ve iğnenin kumaşta oluşturduğu hasarlar bu ağır yıkama koşullarında 
daha da fazla büyümektedir. Dikiş iğnesi, dikiş işlemi sırasında kumaşa batarken, 
kumaşın sürtünme makavemetini yenmek zorundadır.Yüksek hızlı dikim işlemleri 
sırasında iğne ile kumaş arasındaki sürtünme sonucunda iğne ısınma problemleri de 
ortaya çıkmaktadır. Bu şekilde iğne sıcaklıkları 200°C nin üzerine çıkarak kumaşa ve 
dikiş ipliğine zarar vermektedir. 
 
Teknolojik gelişmelerin artmasıyla birlikte dikiş makineleri daha fonksiyonel hale 
getirilmiş bununla birlikte yüksek hıza sahip motorlarla donatılmıştır. Yüksek hızlı 
motorlar sayesinde önceki makinelere göre daha yüksek hızda dikim işlemleri 
gerçekleştirilmektedir. Yüksek hız sebebiyle ipliklere gelen gerilimler ve iğne batış 
kuvvetleri çok artmıştır. İğne batış kuvvetlerinin artması kumaş hasarlarının 
oluşmasına sebep olmaktadır. Yüksek hızlı dikim makinaları kullanılmaya 
başlandıktan sonra ortaya çıkan çeşitli dikiş problemleri ve dikilebilirlik sorunları 
yüksek maliyetli tamirlere, müşteri memnuniyetsizliğine ve geri iadeler sebebiyle 
artan maliyetlere neden olmaktadır. 
 
Yüksek kaliteli üretimin artan ihtiyaçlarına cevap verebilmek, oluşan herhangi bir 
hatayı saptayabilmek için eş zamanlı izleme ve proses kontrolü gereklidir. Bu 
düşünceyi gerçekleştirebilmek için de, dikiş makinasının hareket prensibi 
incelenmeli, dikim sırasında iğne, iplik ve kumaşa gelen kuvvetlerin irdelenmesi 
gerekmektedir. Dikiş makinasının dinamik yapısının çok iyi şekilde anlaşılması 
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gerekmektedir. Kumaş yapıları, gramajı, kalınlığı, iplik özellikleri, üretim prosesi, 
boyama ve son işlem prosesleri gibi son ürün kalitesini etkileyen birçok parametre 
vardır.  
 
Bu sorunları ortadan kaldırabilmek için farklı özelliklerdeki kumaşlar ve dikiş 
şartları için uygun makine ayarlarını sağlayan bir sistem dikim otomasyonuna doğru 
bir adım sağlayacaktır. Gelişmiş bir dikiş makinası otomatik olarak ayarlanabilmeli, 
dikiş hatalarını saptayabilmeli ve gerekli ayarları kendisi yapabilmelidir.  
 
Bu tez çalışmasında dikilebilirliğin ölçümü için bir cihaz geliştirilmiştir. Çalışmanın 
temel amacı farklı hızlarda ve farklı kumaş parametreleri ile iğne batış kuvvetlerini 
ölçebilen ve ölçüm sonuçlarının on-line olarak izlenebildiği bir sistem geliştirmektir. 
Bu sistemden elde edilecek iğne batma kuvvet değerleri ile farklı kumaş, dikiş  ve 
iğne parametreleri için veri tabanı oluşturulması, makinaların değişen kumaş ve iplik 
özelliklerine göre ayarlarının on-line olarak izlenmesidir. 
 
Oluşturulan ölçüm sistemiyle farklı denemeler yapılmış farklı hızlarda, gramajlarda 
ve farklı iğne tiplerinde yapılan ölçümlerle bir data base oluşturularak en uygun 
eşlemelerin yapılması mümkün olmuştur. Böylece dikim operasyonlarında farklı 
ağırlık ve konstrüksiyonlardaki kumaşların en uygun kombinasyonlarda biraraya 
getirilmesi ve optimum hızların belirlenmesiyle dikiş hasarlarının tespiti ve 
önlenmesi üretimde hata maliyetlerinin düşürülmesi ve operasyon verimliliğinin 
arttırılmasını sağlayarak, daha verimli bir süreçlerin oluşturulması sağlanacaktır. 
 
Bu sistemin oluşturulmasu için Brother marka düz dikiş makinesi, CEA-06-125UN-
350 tipi 2 adet strain gauge, amplifikatör ve verilerin işlenmesini sağlayan bilgisayar 
kullanılmıştır. Deneysel çalışmalarda 6 farklı özelliklere sahip denim kumaş 
kullanılmıştır. Kumaşların 3 tanesi %100 Pamuk, bir tanesi %98 Pamuk- %2 Elastan, 
bir tanesi %98.5 Pamuk- %1.5 Elastan ve bir tanesi %74 Pamuk- %24 PA- %2 
Elastan‟dır. Coats epic %100 spun polyester 40/2 tex çift katlı dikiş ipliği 
kullanılmıştır. Deney gruplarında 2 farklı numarada Groz- Beckert marka dikiş iğnesi 
kullanılmıştır. 1. iğne DP*5, numara 10, Nm 120/19, 2. iğne DP*5, numara 10, Nm 
130/21 tiptedir. Dikiş makinesi hızı sırasıyla 1000 devir/dk ve 2500 devir/dk. Dikiş 
sıklığı 3 dikiş/cm ve 5 dikiş/ cm olarak seçilmiştir.  
 
Dikim sıarsında kumaşlar daha çok çözgü yönünde gerilmelere maruz kalmaktadır. 
Bu çalışmada kumaşların çözgü yönünde iğne batış kuvvetleri incelenmiştir. 6 farklı 
kumaş ASTM – D 1908 standartına göre kesilmiş ve standart koşullar sağlandıktan 
sonra dikim işlemine başlanmıştır.  
 
Makinenin standart yapısında yeralan iğne çubuğu çıkartılmış yerine belirli analizler 
yapılarak ANSYS programıyla elde edilen ölçülere göre hazırlanmış alüminyum 
çubuk yerleştirilmiştir. Bu çubuk hazırlanmadan önce ANSYS programında belirli 
gerilim altında çubuğun tepki verdiği noktalar belirlenmiş ve strain gaugeler bu 
bölgelere karşılıklı olarak yapıştırılmıştır. Strain gaugelerin herbiri kendi başına 
çeyrek köprü yapacak şekilde çalışmaları sağlanmıştır. Strain gaugelerin 
yapıştırıldığı bu çubuk içerisinden geçirilen kablo sistemi ile iğneye gelen 
gerilmelerin ESAM amplifikatör sistemine aktarılması sağlanmıştır. Daha sonra 
ESAM sistemine aktarılan veriler MATLAB programı yardımıyla kuvvet eğrilerine 
dönüştürülmüştür. 
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Ölçüm işlemlerine başlamadan önce sistemin doğru çalıştığının tespit edilmesi 
gerekmektedir. Bunun için deneysel çalışmalara başlamadan önce kalibrasyon işlemi 
gerçekleştirilmiş ve doğrusal kalibrasyon eğrileri elde edilmiştir. Deneysel 
çalışmalarda her grup için kumaşsız yani boşta ölçüm alınmıştır. Bunun sebebi 
iğneye gelen dış kuvvetleri (iğne sürtünmeleri, makine içerisinde oluşabilecek dış 
kuvvetler) elimine ederek sadece kumaşa uygulanan batış kuvvetini 
hesaplayabilmektir.  
 
Elde edilen sonuçlar incelendiğinde minimum kuvvetin çekme kuvveti, maksimum 
kuvvetin iğne batış kuvveti olduğu görülmüştür. Yapılan literature çalışmalarında 
olduğu gibi bu tezde de iğne batış kuvvetlerinin çekme kuvvetinden büyük olduğu 
saptanmıştır.  
 
Deneysel gruplarda 4 farklı karşılaştırma yapılmıştır. Birinci grup için iğne batış 
kuvvetini etkileyen en önemli parametrelerden biri olan dikiş hızı incelenmiştir. 1000 
devir/dk ve 2500 devir/dk da dikilen kumaşlar karşılaştırılmıştır. Elde edilen 
sonuçlara göre, diğer koşulların sabit tutulduğu ve dikiş hızının arttılımasıyla iğne 
batış kuvvetlerinin arttığı görülmüştür. Böylece dikiş makinelerinin hızları arttıkça 
kumaş üzerine uygulanan kuvveti arttığı ve çok daha yüksek hızlara çıkıldığında 
dikiş hasarlarının meydana gelebileceği gözlemlenmiştir. 
 
İkinci olarak kumaş kat sayısının iğne batış kuvveti üzerindeki etkisi araştırılmıştır. 
Aynı hızlarda ve farklı katlarda dikilen kumaşlar karşılaştırılmıştır. En yüksek iğne 
batış kuvveti 6 kat dikilen kumaşta ortaya çıkmıştır. Bunun sebebi sürtünme kuvveti 
ile ilişkilidir. Kat sayısının artmasıyla birlikte iğne ve kumaş arasındaki sürtünme 
kuvveti de artmaktadır. Bu da doğrudan iğne batış kuvvetinin artmasına sebep 
olmaktadır.  
 
Üçüncü deneysel çalışma grubunda kumaş gramajlarının iğne batış kuvvetleri 
üzerindeki etkisi incelenmiştir. Elde edilen kuvvet eğrileri ve sonuçlar doğrultusunda 
kumaş gramajının iğne batış kuvveti üzerinde önemli bir etkisi olduğu 
gözlemlenmiştir. En düşük gramaja sahip olan 5. kumaşta en düşük iğne batış 
kuvveti ortaya çıkmıştır. Bununla birlikte en yüksek gramaja sahip 6. kumaşta ise en 
yüksek iğne batış kuvveti değerleri elde edilmiştir. Kumaşların gramajları büyükten 
küçüğe doğru 6>1>3>4>2>5 şeklinde sıralanmaktadır. İğne batış kuvvetleri için de 
bu sıralamanın geçerli olduğu görülmüştür. 
 
Son olarak dikiş iğne numarasının kuvvet üzerinde etkisi değerlendirilmiştir. Bunun 
için 2500 devir/dk. hızdaki kumaşlar karşılaştırılmıştır. En düşük iğne batış kuvveti 
düşük iğne numarasıyla dikilen kumaşlara aittir. Bunun sebebi iğne sürtünme yüzeyi 
ile ilgilidir. Dikiş iğnesinin numarası arttıkça iğnenin sürtünme yüzeyi artmakta 
bununla birlikte sürtünme kuvveti de artmaktadır.   
 
Sonuçlar SPSS istatistik programı ile istatiksel olarak incelenmiş. Dikiş hızı ve 
kumaş kat sayısının iğne batış kuvveti ile yüksek bir ilişkiye sahip olduğu 
görülmüştür. 
 
Dikiş hasar sonuçları ASTM D-1908 standartına göre değerlendirilmiştir. En yüksek 
hasar değeri 5 numaralı kumaşta ortaya çıkmıştır. Farklı hızlarda alınan ölçümlere 
göre hızın artmasıyla iğne kesme indeksinin arttığı gözlemlenmiştir.
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1.  INTRODUCTION 
In the apparel industry to adapt to a changing of fashion, automation of some 
processes is required. Sewing is one of the main processes, in which there has been a 
constant increase of the degree of automation for apparel sector. In addition, this 
process is not totally controlled because of mathematical models are normally 
unavailable and quantitative information about the operating parameters of the 
machines are in general unknown or not used in practice. Adjusting machine setting, 
choice of threads and needles are important factors for the automation of the sewing 
process [2]. 
Apparel manufacturing is very labor intensive because of the extensive style and 
fabric variation of the products. Semi-automated sewing stations have developed by 
the most of the sewing machine manufacturers and some of the larger apparel 
companies in order to perform operations, which are constant across a large style 
range. These stations require an operator to load the machine and then automatically 
sew and stack the components. Despite such stations improve production efficiency, 
they remove nearly unconscious operator inspection of the operation. As a resultof 
this, only basic seam faults such as thread breaks can be observed. Other significant 
faults such as passed stitches or non-included seams cannot be seen until the garment 
is completed. At this point, the manufacturer‟s cost is at a maximum. In order to 
decrease the number of defective and unqualified garments it is necessary to improve 
complete seam monitoring systems that meet the apparel manufacturer‟s 
requirements of flexibility, cost, and reliability [3]. 
Getting high quality garment is important issue in order to achieve successful 
production and being owner of the global market. Seam properties and seam 
construction is a major process in the apparel industry. Generally, the quality control 
operators and other responsible operators do seam inspection at the end of the seam 
process. Nevertheless, they can only see visual seam faults. They may not control 
some defects, which are less noticeable or hidden flaws. After this controlling 
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mechanism, some of them repaired and some of defected garments sold as seconds. 
Defective garments are reducing producers‟ profit and increasing defective 
production cost. In textile industry, there are many different fabrics can be used in 
different sewing conditions. To control all these variations, automatic sewing 
machines have lots of advantage in the apparel industry.  
In modern garment manufacturing sector with increasing technological development, 
sewing machines have stronger motor components compare with previous machines. 
These strong motors are providing high-speed sewing operations. As a result of high 
speed working, high needle penetration forces are occurred. During sewing at high 
speed, the needle thread is subjected to repeated tensile stresses at very high rates. A 
high penetration force means a high resistance of the fabric and thus a high risk of 
damage. Seam damage can be a serious cost problem, often showing only after the 
garment has been worn. To extent of damage on the fabric becomes more critical 
problems if the fabric used as thick and heavy construction. To overcome this 
problem, increase the seam performance and quality, there are many parameters 
should be considered such as seam strength, slippage, puckering, stitch 
density,sewing type, needle cutting, and suitable needle size et. To prevent the 
sewability problems which are caused by needle penetration force, at first, the forces 
acting during sewing must be analyzed. 
 In this study, it is aimed to design a measurement system for needle penetration 
forces which involves sewing machine, strain gauges, amplifier and computer 
system. The importance of the syetem is to measure  needle penetration forces at 
high sewing speeds. The effect  of different parameters on needle penetration forces 
are analysed. 
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2.  SEWING MACHINE AND STITCH FORMATION 
2.1 General Information 
Today, there are several machines in the industry, each with its own desirable 
specifications and advantages. Sewing machines variation from most basic having 
only simple lock stitch to the electronic machines that use sophisticated computer 
technology having different functions for example binding, ruffling, piping,  
pleating, hemming and even making buttonholes and attaching fasteners. For getting 
good quality fabric, sewing machine functions should provide required properties.   
One has to be familiar with the characteristics of different types of machines for 
selecting appropriate machine, depending upon the ability and requirements of the 
person [4]. 
2.2 Types of Sewing Machine 
Different types of sewing machine can be available in textile industry such as 
domestic model, tailor model, industrial model, portable and cabinet models. They 
may be operated by hand, treadle or electric motor. In the market, there are different 
classifications for the sewing machine.Generally, these type classifications depend 
on type of stitching, working princible and structure of machine.  
a) Sewing machine type according to stitching type:  
 Lockstitch sewing machine: In this sewing machine, there are two 
different threads in the machine. One passed through a needle and one 
coming from a bobbin or shuttle. Each thread stays on the same side of 
the material being sewn, interlacing with the other thread at each needle 
hole by means of a bobbin driver. 
 Single thread chainstitch sewing machine: Using a single thread in 
order to forming stitch.This sewing machine loops a single length of 
thread beck on itself. 
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 Double thread chainstitch sewing machine: In double thread 
chainstitch machine, stitch looks the same on both sides of the material as 
the looping of needle and bobbin thread is inside the material. 
b) Sewing machine according to working principle:  
 Manual system sewing machines: Starting, stopping, consolidation 
works done by machinist. 
 High-speed electronic controlled sewing machines: Functions of the 
machine such as thread cutting, consolidation programmed digitally. 
c) Sewing machine according to structure of machine: 
 Flat platform sewing machine 
 High platform sewing machine 
 Block structure sewing machine 
 Free slot sewing machine 
 Cylinder bed sewing machine [5]. 
2.3 Parts of Sewing Machine 
Figure 2.1 shows general parts of sewing machine. The automatic sewing machines 
have special functions in order to get high sewing efficieny.  
 
Figure 2.1 : General parts of sewing machine [6]. 
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2.3.1 Major elements of sewing machine and sewing  
Some machine components contribute to directly sewing machine working 
principle‟s and stitch formation. These are called as major factors or mechanism of 
sewing. 
 Needle  
 Needle bar 
 Hook 
 Thread take up lever 
 Thread tension 
 Presser foot 
 Thread cutting device 
2.3.1.1 Needle 
Sewing needle is important factor of stitch formation. Sewing needles heva been 
used since ancient times. At first their raw materials were ivory, bone, wood and 
horn. The manufacture of sewing machine needles have been increased with 
producing lots of sewing machine [6]. The sewing needle is defined with different 
parts which make the sewing needle. All different sewing needles have these basic 
parts. Depending on the specification of each part the utility of sewing needle is 
determined.  Figure 2.2 shows the parts of industrial sewing needle. 
 
Figure 2.2 : Example of industrial sewing needle [8]. 
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a) Butt: This part is a small pyramid at the upper end of the shank. It is 
designed to make a single-point contact with the hole in the needle bar. 
b) Shank: This part states in the upper end of the needle and it is held in the 
needle bar by the needle screw. The shank can be cylindrical or flat edge. It is 
designed to support and stabilize the needle blade. Because of this, the 
diameter of the shank is usually larger than the diameter of the blade. 
c) Shoulder: This part is beginning of the shank and above the needle blade. 
d) Blade: Blade is the thin section of the needle and it extends from the shank to 
the eye.It is easily bent and should be examined for straightness 
periodically.Also, needle size is determined by the blade diameter (i.e., size 
75 is .75mm) 
e) Groove: The groove cradles and guides thread to the eye. The length and size 
of the groove vary according to needle type. 
f) Long groove (needle groove): This is a kind of channel that provides a 
protective guide for the thread when the needle is rising and the needle- 
thread loop is enlarging. It is decreasing the thread deformation because of 
the friction between the sewing thread and material. 
g) Short groove: It is located on the side opposite the long groove and it 
protects needle thread from abrading when passing through the material. 
h) Scarf (needle scarf, clearance above the eye, clearance cut, or spot):The 
scarf is a groove out of one side of the needle. A small indentation above the 
eye that permits the hook or looper to pick up the thread loop. On some 
needles, the scarf is elongated and/or deeper to ensure that the needle thread 
loop will be large enough to prevent skip stitching. The shape and position of 
the scarf increases the consistency of stitching with various threads and 
fabrics.The shape and size of the scarf vary according to needle type. 
i) Land: This part is usedinstead of a scarf and main aim of the land to enable 
the needle thread to make a larger loop and form a stitch. The position of land 
is a small hump on the blade immediately above the eye.  
j) Eye: The eye of the needle is the hole through which the thread passes. As 
the size of the eye increases, the size of the shaft increases to support it. The 
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size of the eye is proportional to the diameter of the blade. The eye of the 
needle carries the thread so that the machine can keep forming stitches . The 
size of the eye can vary and works in conjunction with the groove of the 
needle. Too small or too large an eye for the needle can cause your thread to 
shred and break. 
k) Point: This is the first contact with the fabric and it is responsible for how the 
needle pierces the fabric. It is often considered the most critical aspect of the 
needle. Generally, common needles have a round point, a ballpoint, or a 
cutting point. The point angle can be acute or slender. Especially, round 
points and ballpoints‟ are used for woven and knit fabrics because they can 
penetrate the fabric by spreading the fibers or deflecting the yarns without 
damaging them. In contrast, needles with cutting points are used for leather. 
l) Tip: This part of the needle pierces the material [7, 8]. 
Tippoint of the needle and shape of needle tips are shown in the figure 2.3. 
 
Figure 2.3 : Tip point and shape of the needle [10]. 
The needle point depends on the fabric weight and its structure. Round points 
have a conical shape designed to spread the yarns without breaking them; they 
are used for most woven and many knitted materials.Ballpoint needles have a 
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rounded point and range from light to heavy. They are generally used for knits 
and stretch fabrics and sometimes for button sewing because they center most 
misaligned buttons and do not cut existing stitches.Cutting points have sharp 
cutting edges; they are used on leather, suede, and neoprene. 
The main parameter for the choosing needle is the needle system type especially 
its needle point and size depends primarily on the characteristics of the fabric, but 
also on the thread, seam type, and stitch type. 
Another significant factor for the sewing needle is surface treatment. Needles are 
made of steel and polished in the last stage of production. Then needle surfaces‟ 
coating by electrolysis in order to get good appearance, reducing friction during 
sewing, corrosion resistance and mechanical abrasion resistance. Coating 
material is usually chrome or nickel. Teflon and titanium coating can be used for 
special applications.  
Another important feature is expected to surface coating of needles, as a result of 
excessive heating of the needle during sewing the resulting synthetic fabric and 
yarn needle stick prevention of molten particles [9]. 
Needle manufacturers use their own nomenclature to recognize needle sizes but 
the basic sizing system is the metric system. The metric size or Nm of a needle 
depends on the diameter at a point at the center of the blade above the scarf or 
short groove but below any reinforced part. This evaluation, in milimetres, 
multiplied by 100, gives the metric number. Therefore, a diameter of 0.9 mm is 
an Nm 90 and a diameter of 1.1 mm is an Nm 110 [16]. Table 2.1 shows typical 
metric needle sizes. 
Table 2.1 : Metric needle sizes [16]. 
Thread sizes in synthetic 
ticket numbers 
Needle sizes in metric 
system  
Needle sizes in Singer 
system 
8 180 24 
16 140 22 
30 120 19 
9 
50 110 18 
75 90 14 
120 80 12 
180 70 10 
320 60 8 
 
The needle size is made of different count and selection depends on fabric and thread 
construction. The needle size can be as small as 60 (0.6mm) or as large as 250 (2.5 
mm). The metric size describes the diameter of the needle blade in hundredths of a 
millimeter. Nowadays, fabrics are finer and compact structure, as a result of these 
needle should be choosen more finer. If the needle istoo fine, it will abrade the thread 
bend, break, affect the loop formation, and cause skipped stitches. Otherwise, if it is 
too course, it will damage the fabric, produce an unattractive seam, cause the seam to 
pucker, affect the loop formation, and cause skipped stitches.Generally, the best 
choice is the smallest size that will not skip stitches [7]. 
2.3.1.2 Needle bar 
Needle bar function is making needle up and down, and upper thread penetrate into 
the material to be sewn. For chainstitch, needle bar scoops looper thread at the needle 
tip.  
 
Figure 2.4 : Needle bar mechanism [10]. 
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2.3.1.3 Hook 
Hook is a significant part for the stitch formation. It is separated into inner hook and 
outer hook. Outer hook scoops upper thread from needle and rotates periphery of 
inner hook. Then it interlaces with lower thread that is set to inner hook to form 
stitches. There are differents hook which are using in the sewing machine. 
a) Horizontal full rotary hook: This kind of hooks are mostly used in the 
industrial sewing machine. It is vertically place to hook driving shaft and 
while needle bar is traveling one time, hook driving shaft rotates two times.  
 
Figure 2.5 : Horizontal full rotary hook [10]. 
b) Vertical full rotary hook: This is usually used for sewing heavy-weight 
materials. It is produced for 2- needle sewing machine but generally used for 
1-needle sewing machine.  
 
Figure 2.6 : Vertical full rotary hook [10]. 
c) Horizontal semi-rotary hook (Inner hook): This is more suitable for heavy-
weight fabrics but not suitable for high speed because of oscillating motion. 
 
Figure 2.7 : Horizontal semi-rotary hook [10]. 
11 
d) Shuttle hook: This hook is more convenient for sewing bags, shoes etc.  
 
Figure 2.8 : Shuttle hook [10]. 
2.3.1.4 Thread take-up lever 
There are two main functions for the thread take-up lever. It supplies necessary 
amount of thread so that hook can scoop upper thread and then the upper thread can 
pass through inner hook. Feeds out upper thread to be consumed for stitches together 
with feed dog [11]. In figure 2.9 shows that there are different type of thread take up 
lever.  
 
   a) Cam type thread take up lever               b) Link type thread take up lever 
 
                 c) Slide type take up lever              d) Needle bar  type thread take up lever 
Figure 2.9 : Examples of thread take up lever [10]. 
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2.3.1.5 Thread tension 
The main function of the thread tension is giving a suitable and requirement tension 
to upper thread and lower thread among different sewing conditions. Then it 
interlaces upper and lower thread in the approximate center of cloth to form beautiful 
stitches. It is important issue to adjust thread tension correctly. If the thread tension 
too high, sewing thread is getting stretch and it causes the thread breakage [11, 12].   
The upper tension regulator and the bobbin case tension screw are two control 
mechanism for the tension of the stitch. The upper tension regulator is placed on the 
front of the sewing machine and adjusts the tension discs.  
 
Figure 2.10 : Adjusting thread tension [7]. 
The bobbin case tension screw, which is placed on the bobbin case controls the 
tightness of the bobbin case spring. These controls increase or reduce the amount of 
pressure on the threads as they fed through the machine. 
There are many variables which are affected thread tension such as the structure, 
texture, thickness, density, and resiliency of the material and the size and type of the 
thread. Because of these variables, the tension setting will vary with the material and 
the thread size and type. In order to get highest performance from the stitch, tension 
should test before beginning a garment or sewing with a different fabric, thread or 
machine [7]. Figure 2.11 shows that general view of thread tensions.  
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Figure 2.11 : Thread tensions [7]. 
2.3.1.6 Presser foot 
Presser foot is a device that holds the fabric in place for stitching. There are two main 
functions for the presser foot; 
 It stabilizes fabrics or other materials to sew jointly on the surface of throat 
plate and then determines the sewing possition. 
 Apply presser to the materal in order to keep material when needle comes out 
of materials. 
There are different kind of presser foot in the sewing machine such as hinging 
presser foot, fixed presser foot, compensating presser foot, sliding presser foot and 
other special presser foot etc [7]. 
Stitch type is also effective for the presser foot choosing. For example, designed for 
stitching satin and decorative stitches, not use high presser on the material. 
 
Figure 2.12 : Basic components of presser system [15]. 
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2.3.2 Feeding system 
The feeding mechanism is responsible for providing movement to the fabric or other 
material being sewn. There are lots of feeding system which are used in the industrial 
sewing machine. Basically, a sewing machine feeding mechanism is composed of a 
presser foot, a thoat plate and a feed dog [13]. 
 
Figure 2.13 : Basic components of feeding mechanism [13]. 
Presser foot press the sewing material to the thoat plate in order to prevent distortion 
of material direction during the movement of sewing needle and feed dog. 
Thoat plate is a smooth surface which the sewing material move freely on this plate. 
The throat plate is devised with slots to allow the needle to penetrate into the fabric 
and the feed-dog to emerge from underneath. 
Feed dog moves the material at required and determinated distance in order to 
continue the stitch processing. The feed-dog has an elliptical movement. When the 
needle withdraws from the fabric, the feed-dog emerges, pushes the fabric layers 
against the presser foot and backwards, making them advance [14]. 
2.4 Stitch Formation 
2.4.1 Stitch types 
According to Classification and Terminology of Stitch Types, a stitch „as one unit of 
conformation resulting from one or more strands or loops of thread intralooping, 
interlooping or passing into or through material‟. 
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Figure 2.14 : Stitch formation.(i) Intralooping, (ii) interlooping, (iii) interlacing [16]. 
With using different sewing machine, it is possible to produce a specific type of 
stitch formation depending on the number of needles, loopers and threads which 
combine to construct the stitch. Each of different configurations are known as a stitch 
type and they are classified  in 6 classes depending on their fundamental 
characteristics.  
Class 100- chainstitch: One of the simplest stitch types, the chain stitch has one or 
more needle threads and is formed by intralooping. One or more loops of thread shall 
be passed through the material and be secured by intralooping with succeeding loop 
or loops, after they are passed through the material.101, 103 and 105 stitch types are 
example of class 100 chainstitch. This stitch is very insecure and unravels easily if a 
stitch is broken or skipped or if the last loop is not fastened securely. Because of its 
insecurity problems, it is used for „basting‟ operations in tailored menswear and 
womenswear garments, with using a white, soft cotton thread. This stitch is used for 
sewing buttons and buttonholes, hemming, basting and pad stitching. 
 
Figure 2.15 : Class 100 chainstitch [9]. 
a) Class 200- stitches originating as handstitches: This class of stitch is 
formed by hand with one or more needle threads and requires that each thread 
passes through the material as a single line of thread. Each stitch is secured 
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by the single line of thread passing in and out of the material or the 
interlooping of the threads with themselves. The common usage type pf this 
class stitch type 209. The most important machine to duplicate this stitch is a 
pick stitching machine, which is used as a decorative detail on the other edges 
of jackets. 
 
Figure 2.16 : Class 200 type of stitch [9]. 
b) Class 300- lockstitches: The most common stitch type in use in industry is 
the lockstitch. This class of stitch is formed with two or more groups of 
threads and requires the interlacing of the two groups. One group is called the 
needle threads and the other the bobbin threads. Loops of the first group are 
passed through the material where they are secured by the threads of the 
second group to form a stitch. These stitches don‟t unravel easily and always 
require a bobbin. Stitch type 301, 304, 306 and 321 are most common use 
types. This stitch can be use in many application processes for seaming, 
hemming and setting zippers and pockets. 
 
Figure 2.17 : Class 300- lockstitches [9]. 
c) Class 400- multi-thread chainstitches: Two or more groups of threads are 
formed  with interlacing and interlooping with each other. Loops of the first 
group of threads are passed through the material and they are secured by 
interlacing and interlooping with loops of the second group to form a stitch. 
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This stitch is actually stronger than the lockstitch; however, if the threads are 
not properly secured on the finishing end, it will unravel. It is used for 
seaming and in combination with the over edge stitch on over lock machines. 
When used for seaming, the needle thread determines the seam strength and 
the looper threads can be finer. 401, 406 and 407 stitch types are example of 
class 400 stitch.  
 
Figure 2.18 : Class 400- multi-thread chainstitches [9]. 
d) Class 500- overedgechainstitches: This stitch type is combined with one or 
more groups of threads that interloop to form a thread sheath around the 
fabric edge. The most common stitches have one or two needle threads and 
one or two looper threads. They are for neatening edges trimming woven and 
low stretch knitted fabrics and decorative edgings. All of the stitches can be 
used for neatening; however, one and two-thread overedge stitches cannot 
beused for seaming because the stitch opens up when stressed transversely. 
This stitch is frequently combined with a multithread. For example, 
chainstitch-401is combined with stitch type 500 to seam and finish the edges 
[7, 16].  
 
Figure 2. 19 : Class 500 overedgechainstitch [9]. 
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e) Class 600- covering chainstitches: In this stitch, there are two or more 
groups f threads which are cover the raw edges of both surfaces of the 
material. Loops of the first group of thread are passed through loops of the 
third group already cast on the surface of the material and then through the 
material where they are interlooped with loops of the second group of thread 
on the underside of the material. Class 600 stitches are very elastic, it is used 
for decorative seams on underwear and knited casual garments [17, 18]. 
 
Figure 2.20 : Class 600 covering chainstitches [9]. 
2.4.2 The stitch-formation sequence in lock stitch machines 
Figure 2.21 shows that the main process of stitch formation.The formation of a stitch 
begins when the needle penetrates the fabric and descends to its lowest point.The 
bobbin hook then slides by the needle's scarf, catching the upper thread, and carries it 
around the bobbin and bobbin thread. Then the thread is pulled up into the fabric, 
completing the stitch. 
 
Figure 2.21 : Formation of stitch [16]. 
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The lockstitch-creation cycle starts with the sewing needle descending into the fabric 
plies those are stationary on the throat-plate of the sewing machine. During this 
action, the take-up lever falls and releases thread, which the needle draws down 
through the needle hole in the throat-plate. After achieving the limit of its downward 
excursion, the needle starts to rise, yet the take-up lever continues to fall. Once the 
needle has risen by approximately 3 mm, the friction of the needle-thread against the 
fabric, coupled with the absence of thread-feed tension, causes a loop to form in the 
scarf to the rear of the needle. This loop is penetrated by the rotary hook at the top of 
its cycle.The downward motion of the hook, combined with the geometrical profile 
of the jib on the rotary hook, causes the loop to twist through 90° and to extend 
around the bobbin, thebobbin-case, and the base. The take-up lever, in continuing to 
fall, supplies thread for thispurpose, and the check-spring is also tensioned by this 
thread motion. The needle-thread istaken down to the jib on the rotary hook through 
the needle-hole in the throat-plate.As the needle assumes its highest position, the 
serrated dogs of the fabric-feedmechanism rise through slots in the throat-plate and 
clamp the fabric against the undersideof the presser foot. The fabric is then advanced 
through the sewing machine by one stitchlength under the action of the feed dogs. 
With the fabric feed in step, thread is needed to form the upper and lower lengths 
ofthe next stitch. During the fabric progression, the take-up lever approaches the top 
of itsvertical travel, and this upward excursion also creates a demand for thread. The 
needlethread, which is required to form the increasingly large loop around the rising 
take-up leverand to form the stitch length, is initially taken from the check-spring 
reservoir, and the check-spring is tensioned as this thread is drawn away as part ofthe 
initial satisfaction ofthis demand. The damping action ofthe check-spring usefully 
reduces the peak thread tensionduring yam feed. When the check-spring reservoir is 
exhausted, the check-spring reachesthe stop at the end of its travel. Thread is then 
taken from the supply package by drawing itthrough the tension discs on the tension 
barrel. 
As the take-up lever begins its descent, the stitch interlock is set into a balanced state 
witbin the fabrie plies, aided by the recovery ofthe check-spring, which retums to its 
startposition, extracting thread to replenish its reservoir, which action also prevents 
the descendingneedle from piercing the needle-thread. The process then repeats for 
the creation of thefollowing stitch. In figure 2.22 shows that this process only for 
needle and bobbin case [20]. 
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Figure 2.22 : The mechanism of stitch formation [20]. 
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3. SEAM APPEARANCE AND PERFORMANCE 
Seam appearance and performance of the garment is directly affected on the garment 
quality. Used fabric and its manufacture technology is also a significant parameter 
for the quality of garment. The selection and use of the production process and 
parameters can affect the garment appearance [21]. 
Seam appearance includes drapeability, effects of fabric structure and properties, 
stitch and seam formation, and seam pucker. Seam performance includes elasticity, 
strength, seam durability, seam security and seam flexibility(seam comfort). 
3.1 Seam Appearance 
Seam appearance consists of drapeability, effects of fabric structure and properties, 
stitch and seam formation and seam pucker. 
3.1.1 Drapeability 
This is the summary of the qualities of a textile fabric, which include softness, 
flexibility and yielding. Its extent is in accordance with textile type and the purpose 
of use. 
3.1.2 Effects of fabric structure and properties 
There are some fabric properties which are affected seam appearance and seam 
quality. These are fabric weight, fabric density, fabric extensibility and fabric 
dimensional properties. According to research done by Behera et al., one of the main 
factors affecting the seam appearance is the weight of the denim fabric. As a result of 
their research, seam appearance directly influences the increase of weight of the 
denim fabric. Other researchers Dorkin and Chamberlain made a test about the fabric 
density relation between the seam appearance. Results showed that structural 
jamming is a significant problem for seam appearance. 
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3.1.3 Stitch and seam formation 
Variation of the stitch density, stitch and seam formation influenced the seam 
appearance. Thread diameter, twist, composition and bending stiffness have a 
relation between the seam appearances. According to Dobilaite and Juciene research, 
they compared the appearance of seams with using polyester and cotton threads. 
They got the better sewing with using polyester thread. Because of yarn swelling, 
cotton thread more tends to bad seam appearance after washing and drying processes 
[21]. 
3.1.4 Seam pucker 
Seam puckering is a term of the gathering of a seam during sewing, after sewing, or 
after laundering, causing an unacceptable seam appearance. Thisis mostly seenon 
woven fabrics than knits; and it is prominent on tightly woven fabrics. Evaluation of 
seam puckers is one of the most significant aspects for quality control in garments 
manufacturing industry. Seam puckers lead to garments aesthetically unacceptable 
and may cause inconvenience in wear. In many factories, human inspectors mainly 
carry out seam pucker evaluation, which is subjective, unreliable and time-
consuming. Instead of manual evaluation, an objective method by using image 
analysis and pattern recognition technologies is more convenient and efficiency for 
the companies. Mak and Li researched about the evaluation system consist of image 
acquisition, image normalization, feature extraction and self-organizing map 
classifier. Textural properties of seam puckers were studied with astatistical method, 
the co-occurrence matrix approach. According to this research, the experimental 
results indicate a good performance of texture analysis and ANN-based classifier in 
characterization of seam pucker, which show a high accordance with the judgments 
of human experts [22]. 
There are many conditions, which are causing the seam puckering; 
• Yarn Displacement (structural jamming of fabric yarns).  
• Tension Puckering (too high thread tension and recovery). 
• Machine Puckering (because of irregular feeding). 
• Shrinkage 
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3.1.4.1 Yarn displacement or structural damage 
Yarn displacement especially structural jamming is one of the main cause of the 
seam puckering. This is more prevalent on very tightly woven fabrics because the 
yarns are oriented in very tight layers that cannot shift easily to compensate for the 
thread as it is inserted into the seam. During seam formation, stitches are made by 
interloping of bobbin and needle thread. These sewing threads displace the fabric 
yarns from its original position. Fabric yarns tend to return to original position and 
they are prevented from doing so by the sewing threads. This causes the fabric layers 
to displace in a plane perpendicular to fabric plane and results in seam puckering.  
Some researchers have been studied about the impact of sewing thread properties and 
yarn displacement on seam pucker. Results showed that seam pucker is a result of 
fabric yarns displacement, when a needle penetrates the fabric and the upper and the 
lower threads loop insert within fabric. The fabric yarns are bent, stressed, and 
attempting to return to their original positions, but are prevented by the sewing 
threads. The fabric structural jamming is the most affected by the sewing thread 
diameter alongside with other factors such as fabric properties, seam type, stitch 
density [23]. 
This kind of pucker is mostly seen in tightly constructed fabrics which do not have 
enough space to accommodate sewing threads. High stitch density also causes 
structural jamming in tightly constructed fabrics. This kind of pucker is visible in 
both sides of the fabric. 
To prevent this kind of seam puckering, using the smallest thread size available that 
will maintain adequate seam strength and sewing performance, using smallest needle 
size possible that will not cause excessive sewing problems and using a needle plate 
with a small needle hole; and a presser foot with a small needle hole.  
Also try to minimize seams parallel to the warp or weft; instead, have seams at an 
angle (e.g. 15°) to one of the weave direction [24]. 
3.1.4.2 Tension puckering 
This type of pucker occurs when sewing thread is under too high tension. Firstly 
sewing thread extends because of too high tension, afterwards attempts to relax. If a 
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thread is sewn into the seam with excessive machine thread tension, the thread will 
try to recover or return to its original length.  This will cause the seam to pucker 
immediately as the seam comes out from under the presser-foot. Therefore, excessive 
thread tension is an important parameter affects to seam puckering. Excessive thread 
tension during sewing will not only cause puckered seams but also cause other 
sewing problems including thread breakage and skipped stitches. 
To prevent the seam puckering, using a thread with a low elongation or high initial 
modulus to minimize stretching during sewing and using a thread with good lubricity 
characteristics that will  allow it to be sewn with minimum machine thread tension. 
For some machines the thread control guides and eyelets can be adjusted to control 
the thread more efficiently so less tension is required [24]. 
3.1.4.3 Machine puckering 
Machine puckering generally depends on feeding mechanism. When two plies of 
material are not fed uniformly, the variations are held captive by the stitches and 
cause feed pucker.It generally occurs:  
 If the foot pressure on the machine is too high, excessive friction can stretch 
the top ply. If the foot pressure is too low, the foot can bounce, momentarily 
losing control of both plies.  
 When the operator stretches one ply more than the other as they are fed into 
the machine.  
         
Figure 3.1 : Machine puckering [25]. 
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There are some solutions for preventing machine or feeding puckering, check the 
feed dog, use cloth pullers and raise the back of the feed dog to enhance the feeding 
of the fabrics during sewing operations. 
3.1.4.4 Shrinkage puckering 
High shrinkage potential of fabric is another cause of seam pucker. Threads made of 
cotton and other natural fibres often shrink, when they get wet. This may leads to 
seam pucker when fabric shrinkage and thread shrinkage differs. This problem can 
largely be overcome with the use of synthetic sewing threads. These threads are 
normally dry heat stabilized to withstand up to temperature of 150°C. They may also 
cause seam pucker during pressing, if the pressing temperature is above heat-set 
temperature. Garments consist of many different materials. Typical components 
include the shell fabric, interlining, zipper tapes, stay tapes and the thread. All these 
components should have minimum shrinkage to produce the flattest pucker-free 
seam [21, 27]. 
3.2 Seam Performance 
Good seams are important factors in garment quality. The main characteristics of 
seam construction such as elasticity, strenght, durability and stability are affected to 
seam performance. Sewing performance depends on choosing correct thread for the 
correct needle at the correct machine with suitable machine setting. Gurarda worked 
on the experimental study of the seam performance of PET/nylon-elastane woven 
fabrics.In this study, plain and twill fabrics were woven with three different weft 
densities. Two different sewing threads were used during the sewing of the fabrics. 
For these fabrics, nylon-elastane air-covered yarn was used as the weft yarn and PET 
air-covered yarn was used as the warp yarn. According to find seam performance 
parameters seam strength, seam slippage strength, sewing needle penetration 
forceand seam efficiencywere researched. In addition, results show that appearance 
and performance of the seam depends upon the quality of sewing threads and their 
dynamic behavior [26]. 
3.2.1 Seam elasticity 
Two main factors, which are affected seam elasticity, are elongation and recovery. 
Recovery means the return of the seam to its original length. There are some 
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researches abour the elasticity of seam structures. In 1965, Bemier said that recovery 
from extension was determined by the fabric and sewing thread properties according 
to their research results. Webster et. al. claimed that fabric has been shown to be the 
most significant variable in determining the extension and recovery behavior of 
lockstitched seams at low loads. Choice of stitch and seam type is very important for 
the seam elasticity. For example, both lockstitch 301 and chainstitch 401, if adjusted 
carefully, will give adequate stretch for sewing comfort stretch fabrics when used 
superimposed or lapped seam [19]. 
3.2.2 Seam strength 
Different studies have been undertaken on the role of seams on the strength behavior 
of fabrics. In order to maintain a good overall appearance and fit of a garment, seam 
strength should be adjusted in requirement values. Various types of garments have 
different seam strength requirements. According to Frederick research, the seam 
strength in United States military cotton fabrics should be 80% of the fabric strength.  
Fabric type and weight can influence the seam strength. In generally, requiring better 
constructed and more dense seams. Lightweight fabrics require relatively stronger 
seams and seam strength efficiency than heavy weight fabrics. As a result of study by 
Crow and Dewar, lightweight fabrics used in Canadian Forces combat clothing need 
higher seam strength than heavy fabrics.  
Stress location of a garment, thread type, construction, finish (soft, mercerized, 
galced and bonded) and properties, sewing machine tension, sewing needle, stitch 
type and density are also affected seam strength. Because of body movements such 
as bending or sitting, it is inevitable which certain locations of a garment have to 
withstand greater stresses during wear. There are different types of thread 
constructions. For example, multi-filament, core, spun and textured etc. Continuous 
filament core threads usually provide better seam strength than other thread 
constructions. The thread tension on the sewing machine should be adjusted in 
optimum values. Low thread tensions generate lower seam strength [21]. 
For denim fabrics, washing process is a significant factor, which is directly affected 
seam strength. Korkmaz and Çetinerhave been studied about the investigation of 
denim fabric and sewing thread parameters affecting sewing strength.In this study, 
the change of sewing strength after and before washing treatment was researched. 
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According to correlation between the parameters some results were obtained which 
are related with sewing thread and fabric parameters; sewing thread number, sewing 
thread breaking strength and work, weft yarn density, warp and weft breaking 
extension.In this study, four different denim fabric and six different Coats sewing 
thread were used. Fabric weights were 6.75, 8.5, 11, and 12.5 oz/yd2. These fabrics 
were sewn on the JUKI DDL 5550N-3 lockstitch machine. Sewing strength values 
evaluated with INSTRON strength machine which is working according to SEAM 
PA 10 standard. According to first stage of the study, with decreasing of fabric 
weight, washing can be more negative effective on the fabric strength. Especially, the 
strength change of more light fabric (6.75 o/yd2), both weft and warp direction 30%. 
In other fabrics this changing value between 13.2 %- 17.1 % at the warp 
direction.Also there is a strong negative correlation between the sewing strength 
before and after washing in the warp direction. In the weft direction this negative 
correlation not strong as warp direction. With sewing thread become thick, sewing 
strength increasing in the warp and weft direction. And with sewing thread become 
thin, sewing strength decreasing in the warp and weft direction.  
There is a positive correlation between the sewing thread breaking strength and 
sewing strength. As the same both before washing and after washing, sewing thread 
breaking work has a positive correlation with the sewing strength [27]. 
3.2.3 Seam durability 
The durability of a seam related with some factors such as strength, the relationship 
between the elasticity of the seam and the elasticity of material and also the 
resistance to abrasion, alkalis, acids and sunlight. Seam durability can be controlled 
with adjusting seam type, angle of the seam in relation to the yarns in a fabric, thread 
tension, linear stitch density, stitch type and fibre composition.  
The seam can be considered to have failed in durability terms if either the thread or 
the fabric in the seam fails at an early stage. Jeans and workwear garments, 
underwear, schoolwear etc. all suffer considerable abrasion in wear and seams must 
be designed to resist this abrasion as effectively as possible. 
A different problem of seam durability and abrasion can arise with denim jeans when 
they are subjected to stonewashing. In this washing process, they are severely 
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abraded to produce a worn and faded look. Correct thread selection can prevent the 
seam damage which occurs depends on seam durability [16]. 
3.2.4 Seam security  
The seam security usually depends on the stitch structure. For example, stitch type 
ISO 101 unravels easily and is primarily dependent for its security on friction 
between the substrate and thread. Therefore, the least secure stitches are the single 
thread chainstitches in class 100. Insecure seams can be caused seam damage on the 
garments. And this is directly affected on the quality of garments. Intermediate in 
security are the chainstitches in classes 400, 500 and 600. In these stitches, the 
threads ate interlooped, needle threads are looped through one or more loops of one 
or more other threads [16, 20]. 
3.2.5 Seam comfort 
Seam comfort properties are important factors during usage stage. If  a seam is tight 
against the body, it suggests that the extension in the fabric is greater than that in the 
seam which in turn suggests that seam cracking is a strong possibility. Stitch type 
also affects the seam comfort. An alternative stitch type may be more suitable. Fabric 
construction such as woven or knitted garment is influenced the seam comfort [16]. 
3.3 Seam Problems 
There are many different parameters which are causing seam problems such as stitch 
and seam construction, thread size, type and construction, stitch density, seam 
puckering, strenght, slippage, and durability etc. During sewing stage, fabric resists 
to sewing needle penetration. This friction resistance causes the emergence of heat 
and mechanical stresses caused the emergence of the fabric with the yarn fibers. If 
the sewing velocity and the friction force on the fabric are too high, sewing needle 
heats up and melting the thermoplastic fibers on the fabric. As a result of these 
situation, there wil be holes on the fabric. This is called as thermal damage. Also, in 
some cases there will be mechanical damage on the fabrics. Mechanical tension 
causes the machanical problems [28]. 
3.3.1 Seam slippage 
There are many sewing damage and their causes because of the fabric parameter, 
sewing machine parameter and sewing thread parameters Dorkin and Chamberlain 
29 
were studied about the causes of seaming damage and pinholing in cotton and rayon 
fabrics. In this study, mainly two factors that can be caused to seaming damage; yarn 
slippage and yarn breakage. Fabric construction is also affected for the seam damage 
such as satins fabric. So if the fabric failure is occurring due to the yarn placement in 
the fabric, sometimes change the seam design to reduce this problem.  
Seam slippage is when the yarns in the fabric are not rupturing, but sliding out of the 
seam causing the seam to open up. In this study, the extensibility percentage and 
figures of cellulosic fibers (cotton, viscose, acetate...) in different dry conditions 
were investigated.  In Shirley Institute, the factors of seaming damage were 
discussed. And results that damage is firstly due to friction of the sewing needle 
against the cotton fibers during needle penetration that results in the yarns being cut 
or partly cut. Also paraffin wax was used to reduce fiber needle friction. This was 
reduced the amount of seaming damage. 
As a result of this experimental work has shown that seaming damage in woven and 
knitted fabrics is attributable to a variety of factors such as fabric parameters and 
sewing machine parameters. There are some methods to provide seaming damage; 
 Increase the seam allowance or seam margin. 
 Re-engineer the seam construction so that all the stress is not trying to 
separate the warp and filling yarns in the fabric. 
 Use a french felled seam construction 
 Use a fusible tape on the areas where the seams are failing [29]. 
Another research about the fabric design considering the optimisation of seam 
slippage was done by Miguel and et. all. in 2005. Garment products should fit on the 
human body. There are some properties which affect garment performance connected 
with the end-use, such as seam slippage. This issue is the most important in textile 
research and developments. Seam slippage means that evaluates the capacity of the 
warp yarns to slip over the weft ones near the seam, which enlarges in the 
warp direction, while the fabric is exposure to a given load in the direction of weft 
yarn. Seam slippage is a significant property for fabric characterization. This is 
related with the garment making and the value of seam slippage depends on fabric 
construction and finishing applied. 
The main purpose of this study to investigate dependence of seam slippage values on 
fabric construction parameters. In order to measure seam slippage either in the warp 
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direction or in the weft direction, wool and wool blend fabrics were used. Chosen 
fabrics have different properties between each other such as different composition, 
weight per square meter, yarn type, opacity, weave and finish. Load-elongation tester 
was designed and used. TM 117 Woolmark Company test method was used for tests.  
There are some equations which are getting a result of experiments. The mean of this 
equation that represents the property according to research cause to finish that seam 
slippage decreases with the increase of opacity, polyamide content and finish type. 
Also, the seam slippage of warp yarn reduces as the weft cover factor reduces. Fabric 
opacity mans the correlation between the real and highest cover factor of a fabric. 
Therefore, it permits to measure the fact that  the real density, for the same yarns, is 
near or not near to the highest one.  
Maximum fabric density relates on some parameters such as raw material content, 
yarn count and fabric weave. If the fabric has a compact structure, it is possible to 
say fabric has high opacity and high cohesion structures. The effect of polyamide 
content on seam slippage is another important study for this research. Fabrics with 
polyamide in its content commonly present high felting and raising degree, resulting 
in high finish types.To conclude all these information, generally there are 4 factors 
which are influenced the seam slippage; opacity, polyamide content, finishes type 
and cover factor.slippage. The yarns with lower cover factor (less crimped) are in 
less danger of slipping [30]. 
          
Figure 3.2 : Seam slippage [30]. 
3.3.2 Seam distortion 
This is identified as a disruption of the original surface of the sewn fabric, and seam 
distortion may cause an unsatisfactory appearance in the seam. Also, in some 
instances distortion may be achieve a particular design effect being sought. There are 
six ways in which the fabric  in the vicinity of the seam may be distorted; fusion, 
gathering, shirring, pinching, ruffling and cockling. 
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3.3.3 Seam grin/graping 
This is particular problem if the product is used in conjuction with a contrasting 
underlayer because the contrast makes the gap more apparent. According to Dorkin 
and Chamberlain studies, gaping can also contribute to the functional failure of the 
seam. And each time a transverse tension is applied to a seam the sewing threads are 
pulled through the fabric and then relax back when the tension is removed. This may 
cause frictional, abrasive damage to the yarns making-up the fabric and may 
ultimately lead to seam failure [19]. 
 
Figure 3.3 : Seam grin failure [19]. 
3.3.4 Skipped and broken stitches 
Broken or restitched seams where a "splice" occurs on the stitch line. If this occurs 
on topstitching, then the seam does not appear to be first quality merchandise. This is 
caused by thread breaks, thread run-out during sewing and cut or broken stitches 
during a subsequent treatment of the finished product (i.e., stone washing). Skipped 
stitches are caused by the stitch forming device in the sewing machine missing the 
thread loop during stitch formation causing a defective stitch. On looper type 
stitches, this will allow the stitch to unravel causing seam failure  
For minimizing thread breakage and skipped seams, use a high quality sewing 
thread. This provide better performance on the sewing processes. And make sure 
sewing machines are properly maintained and adjusted for the faric and sewing 
operation [31]. 
 
 
Figure 3.4 : Excessive restitched seams [31]. 
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Figure 3.5 : Skipped stitches [31]. 
3.3.5 Needle heating and needle damage 
Heat is generated during sewing process as a result of friction between the needle 
and the fibres in the threads forming the fabric. The heating effect on the threads 
relates with the needle temperature and the area of the surface of contact of the 
thread with the needle. The heat causes burn holes on natural fibres such as cotton or 
wool, and it causes synthetic fibres to soften or melt. The thread may also melt and 
break. The following factors can impact the amount of heat that is generated; thicker 
fabrics, fabrics with harsher finishes or greater density, fabric color or density, higher 
sewing machine speeds, needle contact surface.  
In many cases, needle heat is more of a problem when sewing either synthetic 
threads and synthetic fabrics and can cause excessive thread breakage and / or 
damage to the fabric being sewn. This will cause thread breakage when the operator 
stops sewing after a long run. The result is that the polyester  or nylon thread melts 
and breaks. Both polyester and nylon have a melt point of approximately 485°F or 
252°C. Whenever the needle reaches a temperature higher than the melt point of the 
thread, the thread will melt. Needle thread breakage due to needle heat can be 
detected by checking the end of the thread to see if there is a hard nodule where the 
thread melted and resolidified.   
Some thread companies add a thread lubricant on the thread to help minimize needle 
heat and give the thread good frictional characteristics to set a uniform balanced 
stitch. Also, air coolers can be used to reduce needle temperature in order to make 
use of existing compressed air lines within the factory [32]. Figure 3.6 shows that the 
nodule on end of thread and needle holes caused by needle heat. 
 
Figure 3.6 : Needle damages [32]. 
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4. TESTING FOR SEWABILITY AND TAILORABILITY 
Tailorability and sewability tests are significant for the production of garments. 
Tailorability tests are mainly related with largely puckering, sewability tests are 
related with mechanical damage and needle heating damage. 
4.1 Sewability Testing  
For sewability testing, there is a device, which is called L&M Sewability Tester, has 
been developed to give a standard reproducible test for sewability, i.e. a test which 
will indicate to the clothier whether any supplied fabric is capable of being sewn 
without difﬁculty. The information supplied by the machine is not subject to 
variations of sewing conditions or operator skill. 
There is another device, which was developed for the sewability testing, is HatraSew 
machine. This device measured the temperature reached by the sewing machine 
needle when sewing a particular fabric, making use of an infrared detection device. 
But this device is no longer offered for sale. 
The L&M Sewability Tester has been developed as a result of study carried out in the 
Clothing Section of the Textile Department at the University of Leeds. According to 
this research, it was established that the force required to penetrate a fabric with a 
sewing needle is related to the sewability of a fabric, that is, its susceptibility to 
needle damage by bursting or fusing, hence provides a suitable means of assessment 
of this property. The ease that a sewing needle can penetrate a fabric is determined 
by the frictional characteristics of that fabric. In fabrics with low frictional 
characteristics, the ﬁbres and yarns in the fabric can move easily to allow passage of 
the needle and hence the penetration force is low and no damage occurs. In fabrics 
which have high frictional characteristics the fabric components cannot move easily 
and so the force for penetration by the needle is high. This value may exceed the 
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breaking strength of the yarn and so damage occurs, or alternatively the high 
frictional forces encountered by the needle will cause generation of heat which in 
high speed sewing will cause fusing of the fabric [33]. 
4.2 Tailorability Testing 
Two instruments have been developed for investigating tailorability; the Kawabata 
Evaluation System for fabrics (KES-F, later to become KES-FB) and FAST 
equipment (Fabric Assurance by Simple Testing).  
The FAST and Kawabata systems measure similar low-stress fabric mechanical 
properties such as compression, bending, extension and shear. But they differ 
somewhat in the measurement principles that they use, there being good correlation 
between similar parameters measured on the two systems. The results taken on the 
two systems are plotted on control charts.  
The Kawabata Evaluation System based on fundamental fabric mechanical 
properties. This is a type of expert system, and the translation software from the 
fabric mechanical data to handle has been extraced from the experts' judgment of 
handle. This system consists of four instruments; 
 KES-FB1(Tensile and shear tester): The tensile test is conducted by 
clamping the sample between chucks. There are some parameters for the 
tensile test such as linearity of load/extension curve, tensile energy, tensile 
resilience, extensibility and strain. A shear test is conducted under a constant 
tension; opposing forces are applied in parallel to the fabric plane. Shear 
rigidity and hysteresis of shear force are affected on the shear tester.  
 KES-FB2 (Bending tester): The fabric sample is mounted in a vertical 
plane. A higher value for bending rigidity indicating a stiffer fabric. 
 KES-FB3 (Compression tester): A sample is compressed in its thickness 
direction. A higher compressional resilience value indicates a better recovery 
from compression. 
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 KES-FB4 (Surface tester):Surface roughness and friction coefficient are 
measured using two contact sensors. One of these sensors is measuring 
frictional force, and the other one is measuring thickness variation. 
Figure 4.1 shows that principles used in the KES-F instruments for the objective 
measurement of fabric mechanical and surface properties. 
 
Figure 4.1 : Principles used in the KES-F instruments [34]. 
This complete system has a high price. These tester machines are also developing 
such as KGS-G5, which is a new ultra-sensitive compression tester, is an 
improvement of the conventional KES-FB3 compression tester. Because of the 
variability in fabric samples, between operators, instruments and laboratories, there 
can be some faults in the measurements system. Providing repeatability and 
reproducibility of measurements on KES-F instruments has been investigated in two 
major inter-laboratory trials. The first one included 7 sets of KES-F instruments and 
the second one included 6 sets of KES-F instruments [34].  
The FAST system was developed by CSIRO for quality control and assurance of 
fabrics, FAST, or fabric assurance by simple testing, consists of a series of 
instruments that are in expensive, robust, and simple to use, and their related test 
methods. Generally, FAST system is measuring the properties of wool and wool-
blend fabrics. FAST is specifically designed for use by tailors and worsted finishers; 
36 
it measures fabric properties that are closely related to the ease of garment making-
up and the durability of worsted finishing. This system can be used for alternative of 
KES-F system in many application areas. The FAST system involves 4 instruments; 
 FAST-1 (Compression meter): This gives a direct reading of fabric 
thickness over a range of loads with micrometer resolution. 
 FAST-2 (Bending meter): This measures the fabric bending length and it‟s 
bending rigidity. This is an important property for the handle of the fabric and 
also influences the cutting and sewig performance. 
 FAST-3 (Extension meter):Extension meter measures fabric extensibility at 
low loads in warp and weft extensibility. Fabric shear rigidity is calculated 
from the 45° bias extensibility. Low warp extensibility can causes to seam 
pucker problems.  
 FAST-4 (Dimensional stability test method):This is a quick test for 
measuring fabric dimensional stability, including both relaxation shrinkage 
and hygral expansion. 
The relation between fabric construction, treatments and sewability was researched 
by Saied et.all. In this study, the effects of fabric construction  and treatments on the 
sewability of cotton/polyester woven fabric are investigated. Fabric mechanical tests  
were measured using FAST system, for assessing aspects of the performance in 
garment manufacture and garment appearance after  wear. The optimization 
construction were used to carry out treatments impart to improve pilling and 
antimicrobial activity. At the end of experiments, FAST results recorded almost the 
same values in the both fabric structures, exception in the case of weft count 20/1 in 
the two fabric structures. FAST meter tends to provide higher values of twill weave  
than plain weave [35]. 
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5. LITERATURE STUDY ON SEWABILITY 
Nowadays, garment and apparel manufacturing industry faces with the production of 
smaller lots in a faster time because of quick changes on the clothing trends. But at 
the same time they have to increasing the percentage of fist quality products. This 
also affected to automation since frequent changes fabrics as well as styles cause 
extensive set-up times for the equipment. 
Analysis of sewing techniques showed that higher quality apparel assembly required 
research into the major aspects of sewing control. According to this analysis, two 
courses of research to be followed were; the determination of methods for 
characterizing the dynamics of high speed sewing machine and fabric interactions, 
and the determination of methods of adaptively controlling the sewing system based 
on the on-line evaluation of the fabric or machine interactions [36]. 
Sewability is a generic term in textile science and technology. This meaning is ability 
of the material to be joined effectively and conform within a given specification of 
quality and performance acceptable for its end use [37]. 
Behera and friends were studied about the sewability parameters and sewability of 
denim. According to their research, fabric quality alone is not enough parameter to 
catch the high quality of garments. Chosen of a convenient sewing thread, 
optimization of sewing parameters, ease of conversion of fabric to garment and real 
performance of a sewn fabric during wear of the garment are some of factors which 
are influenced to change of a two-dimensional fabric into a three-dimensional 
garment. The chosen of sewing thread is a significant issue for many applications. 
Sewing thread should be suitable for fabric dimensional and mechanical properties, 
sewing operation and end-use of garments. 
Today development of new technologies and treatments for the cloths sewability has 
an important issue, especially in denim sector. With the improving on the machine 
design, some machine set-up also affected from these changing such as high-speed 
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sewing machine. With the increasing of sewing machine speed not only positive 
effects for the production but also some negative effects are occurred. High speed 
can be caused to high tension on the thread and high needle penetration forces in the 
fabric. Thus, fabric damage is occurred by this interaction. The amount of damage 
becomes more sensitive if the fabric being used is of a compact, thick and heavy 
construction such as denim. However, if the sewing thread does not choose suitable 
for the fabric, seam performance is getting bad in sewing process. Sewing thread is 
also used for decorative purpose for denim based garments such as trousers and 
jackets. So sewing thread should be selected suitable for the denim garments. 
In this study, assessing the sewability of denim in connection with fabric dimensional 
and mechanical properties and sewing thread. 
12 different denim fabrics were used in the research, which weights 6.5, 10.0, 12.5, 
14.5 and 15.5 oz/yd. Sewing threads were three various content; cotton, spun 
polyester and core spun. 
According to results, the areal density of fabric has a positive effect for the thickness 
of fabric and cover factor. This means that the fabric thickness and cover factor 
increase with increase in the areal density of the fabric. Also the areal density has the 
same effect on the breaking strength and breaking elongation of the fabrics in the 
warp direction. So, with the increasing of areal fabric density, the breaking strength 
and breaking elongation of the fabrics are increasing too. 
With increasing in fabric areal density, compressibility of the fabrics is decreasing.  
It is obvious that the diameter of the sewing thread for similar ticket numbers in all 
samples is the highest for respectively core spun, spun polyester and cotton threads 
because of the cotton have lower specific volume than polyester fibers. For corespun 
yarns, highest diameter is related with its composite structure. When compare the 
breaking strength and extension, corespun threads represent the highestvalues of 
breaking strength and extension, according to polyester and cotton 
threads. Also, cotton threads have the lowest value of breaking strength and 
extension.The weight of the fabric influences seam efficiency. Seam efficiency 
increases with the reduction in linear density of thread for light-weight fabric, seam 
efficiency reduces with the increase in thread linear density for heavy-weight fabric. 
Both finer polyester threads and coarser cotton threads can be used for sewing light-
weight denim fabrics. For heavy-weight denim fabric coarse corespun threads or 
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coarse polyester threads should be used for sewing operation. Cotton threads are not 
convenient for heavyweight denim fabrics. Seam slippage decreases after washing 
nearly all cases of sewing of denim fabrics. Corespun threads show highest yarn 
damage between cotton and polyester threads [38]. 
In order to get good quality, it is necessary to reduce the forces recorded in 
penetration and withdrawal of the needle and for manufacturers to optimise 
penetration by combining suitable fabric finish and construction and sewing 
parameters [39]. 
5.1 Sewability Measurements 
An early work about the sewability was depended on principally to the following 
areas: the research for a basic method or formula of determining sewability through, 
such as needle heat or seam efficiency, based on a knowledge of a limited number of 
factors, mainly for qualitative assessment, evaluation of separate components of the 
sewing process, for example, needle penetration or sewing thread tension, for 
quantitive purposes. These measurements were related with the application of 
commonly available instruments used in the engineering field that were usually able 
to collect only a small amount of data and required time consuming calculations.  
In 1951, Scott was done the first work about analysing the needle penetration traces 
generated by a force transducer placed in a machine for sewing sacks additionally the 
thermal damage caused by the needle observed but not quantified. In the literartur 
views, the first instrumented machine was a bagging machine. This machine had a 
force transducer mounted on the needle bar and needle penetration traces were 
obtained and the damage to the fabric was evaluated[40]. 
5.1.1 The effect of needle penetration forces on sewability 
The subject of needle penetration force measurement has been studied by several 
researchers since the 1960s. The work focuses on two aspects: the development of  
instruments to measure penetration forces, and studies to relate the material, machine 
and needle variables to the penetration forces, needle heating and resulting seam 
damage. 
In 1970, Hurt and Tyler have carried our extensive research work on this subject. As 
a result of their experimental research, they found some cases; 
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 Finishing processes applied after manufacture modifies the frictional 
properties of fabrics. Lubricants decrease the needle penetration forces 
required. Frictional properties have an influence on seam damage (the 
example given is for acrylic fibre that presents high inter-yarn friction, being 
thus prone to damage). 
 Needle size is the main variable affecting mechanical damage [41, 42]. 
According to Blackwood and Chamberlain in 1970, the damage produced on a fabric 
does not change significantly with thread in the needle, when comparing with a 
situation in which the fabric is stitched without thread. 
In 1978, regarding fabric finishing, Leeming and Munden have found that the force 
of penetration is critically affected by the use of lubricant or softener. The fabrics 
exhibiting high penetration values were also the fabrics which exhibited sewing 
damage when sewn using standard sewing tests. These authors contributed decisively 
with the L&M sewability tester, a device used in many studies on needle penetration  
force. This equipment simulates a sewing machine by penetrating the tested fabric 
with an unthreaded needle, at a rate of 100 penetrations per minute. A force 
measurement is taken and the device counts the number of times the value is higher 
than a preset threshold. Although this situation is  quite different from industrial 
operation, it allowed many laboratorial studies to be developed [43]. 
Rocha researched about related  material and machine variables  to the needle 
penetration forces. Among other parameters, bending rigidity and drape factor were 
found to influence needle penetration forces. The findings of other authors regarding 
the influence of fabric finishing on needle penetration forces were confirmed on a 
sewing machine, sewing at medium to high speeds [44]. 
Gotlih et. al. were studied about optimisation of needle penetration velocity using the 
ling drive mechanism in sewing machine. A slider-crank mechanism is provided 
needle movement in a standard lockstitch sewing machine. Friction between needle 
and fabric causes heat during penetration phase. One possibility of reducing heat 
generation is reducing the needle penetration velocity. The main aim of this work is 
to introduce the possibility of replacing the slider-crank mechanism. With using this 
mechanism, the penetration velocity of the needle can be reduced without any loss of 
sewing speed [45]. 
There are four major sources of fabric resistance to the penetrating needle: 
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1. Membrane stress resulting from the fabric bending in the direction of the 
needle motion; 
2. Friction between the needle and the fabric (directly included in equation 
3. Threads resistance to a displacement in the vicinity of the needle, resulting 
from threads resistance to bending and friction between warpand weft 
threads; 
4. Threads tension owing to their elongation after the displacement. 
Figure 5.1 shows the forces acting on the penetration needle [46]. 
 
 
 
Figure 5.1 : Force acting on the needle [46]. 
Figure 5.2 shows a typical simulation result from the Finite Element Analysis (FEM) 
of sewing needle penetration displaying the needle cutting actions. From the figure, it 
can be said that when the needle reaches the fabric, the fabric first bends and then 
yields, forming a hole [47]. 
 
Figure 5.2 : The simulation of sewing needle penetration using FEM [47]. 
In 2007, Gurarda and Meric were studied the effects of elastane yarn type and fabric 
density on the seam performance of PET/elastane woven fabrics. The weft and warp 
yarns of the weft stretched fabrics were polyester-elastane covered yarn and 
polyester yarn, respectively. Air-covered and twisted elastane weft yarns were used 
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at twill and plain fabrics. Needle penetration forces were determined on an L&M 
sewability tester for seam performance. The values of the needle penetration forces 
were between 64 - 370 cN, and the needle damage index values varied between 18% 
and 73%. Elastane yarn type and fabric density had significant effects on the needle 
penetration force [29]. 
Effect of fabric softener on properties of a single jersey knitted fabric made of cotton 
and spandex yarn was investigated by Sadek in 2011. Samples were treated with 
fabric with fabric softener using two different softener types (cationic and silicon) to 
evaluate the most suitable softener type and concentration on fabric friction force, 
sewing needle penetration force and weight loss percent under different levels of 
spandex extension. According to this research, silicon softener treatment results in 
high decreases in fabric sewing needle penetration force, friction force and while 
treatment with cationic softener results in high decreases in weight loss percent for 
100 percent cotton, half and full plating fabrics [57]. 
5.1.2 The effect of needle heating on sewability 
The needle heating process is a complicated process. Needle temperature arises as 
the sewing process progresses, until an equilibrium state is reached. During the 
process, the needle temperature varies in every stitch as the needle punches through 
and withdraws from the fabric. Figure 5.3 shows the thermal dynamics system of the 
needle heating. 
 
Figure 5.3 : Illustration of needle heating problem [48]. 
Generally, the heat sources include the following: 
 The heat flux generated from the friction between the fabrics and the needle.  
 The heat flow generated from the friction between the thread and the needle-
eye when the thread is in tension [48]. 
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5.2 Integrated Computer-Based Sewability Measuring Systems (On-Line 
Measurement) 
Hurt and Tyler was measured the needle penetration force by using a strain gauge in 
the throat plate of a lock stitch machine in 1976. At speeds of up to 2000 rpm, it was 
found that the damage occured at the needle eye and it was claimed that the 
penetration forces was greater at lower speeds. It was also mentioned that penetration 
forces are vector forces and differ with the fabric construction [49]. 
In the 1980s, dynamic needle force and thread tensions profiles were capured in real 
time by using computer and sensor technology.  
Barret et. al. were studied about an on-line fabric classification technique using 
wavelet-based neural approach in 1996. A sewing system is described that classifies 
both the fabric type and number of plies encountered during apparel assembly, so 
that on-line adaptation of the sewing parameters to improve stitch formation and 
seam quality can occur. Needle penetration forces and presser foot forces are 
captured and decomposed using the wavelet transform. This network is intended for 
use with dedicated DSP hardware to classify fabrics on-line and control sewing 
parameters in real time [50]. 
In 1988, Matthews and Little developed a measuring system to capture and analyze 
forces directly encountered by the needle bar and presser bar from a high speed, 
single needle lockstitch sewing machine in North Carolina State University. The 
forces recorded from the needle bar reflect those encountered by needle penetration 
and withdrawal. The forces recorded from the presser bar are those transferred by the 
feed dog as it advances the fabric each sewing cycle. A measuring system known as 
the NCSU sewing dynamometer is capable of detecting changing sewing parameters, 
including variations in the material being sewn, increasing plies of fabric, frictional 
forces on the sewing needle, and the dynamics of the feeding system. Force 
transducers, piezoelectric load washer types, were mounted directly into the shaft of 
the needle bar and the presser bar. Materials were tested in one, two, three and four 
plies at sewing speeds of 4300 rpm. 
Figure 5.4 shows an enlarge trace of the forces exerted on the needle bar during one 
sewing cycle.  
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Figure 5.4 : Critical points observed during needle penetration and 
                             withdrawal. 1-nedle at the top of cycle, 2-point penetration, 
                               3-eye penetration, 4-scarf penetration, 5- frictional forces on 
                        the shank, 6- shoulder of the needle penetrates, 7-lowest 
                            position in the cycle, 8-marks the change by inertial by the 
                            needle bar, 9-frictional forces during withdrawal, 10- scarf 
                            withdrawal, 11-eye  withdrawal, 12-point withdrawal [60]. 
Their results showed that needle penetration and withdrawal forces increase as the 
number of plies of material sewn increases and this increase depends on the 
properties of fabric. They also indicated that for all samples, needle penetration 
forces were greater than withdrawal forces [60]. 
In 1996, Zeto et.al. described a computer-based sewability testing system installed on 
industrial lockstitch and overlock stitch sewing machines. This tester was the same 
but the modified version of Chmielowiec‟s system in Hong Kong Polytechnic 
University. The system used commercial hardware and developed software to 
acquire and analyze the collected signals of needle thread tension, presser foot 
displacement, presser foot pressure, and needle penetration/withdrawal forces. In this 
work, they investigated sewing process dynamics and sewing penetration forces 
using a computer-based system installed on industrial lockstitch (Pfaff 563) and 
overlock stitch (Mauser special L52-54) sewing machines. The microprocessor-based 
data acquisition and analysis system captured four analog signal from the transducers 
(piezo-electric Kistler quartz load washer) [59]. 
In 1996 Rocha et al., in University of Minho, aimed to make it possible to understand 
the dynamics of sewing at the various interfaces (sewing thread/fabric, sewing 
thread/sewing machine, fabric/sewing machine) and to develop a computer program 
and adequate hardware to control the sewing operation through an “on-line adaptive 
control system”.  They analyzed the performance of the feeding and stitching 
systems by sewing fabrics, majority of them were knitted fabrics, with various 
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mechanical and structural properties and correlated them with the measured forces. 
Figure 5.5 shows the effect of dyestuff on needle penetration and withdrawal forces. 
By using adaptive control system, they also controlled presser foot compression 
force and sewing thread tension. 
 
                Figure 5.5 : Effect of dyestuff on needle penetration and withdrawal     
                                    forces, (a) dark red, fabric damage, (b) light red, fabric  
                                    damage, (c) blue, good performance, (d) black, good  
                                    performance. Jersey fabric of 50 % cotton/ 50 % rayon; K=17;  
                                    30 Ne; 150 g/m
2
 mass, dyed with reactive dyes and finished   
                                    with 2 % softener [61]. 
Figure 5.6 shows that needle penetration forces and presser-foot compression force at 
3600 ppm; two plies of faric and four stitches per cm. Fabrics were 100 % cotton and 
286.5 g/m² [61]. 
                   
             Figure 5.6 : Wave forms obtained during sewing speed 3600 ppm [61]. 
Carvalho and friends researched the signal feature extraction for sewing analysis 
using non-linear techniques with using piesoelectric sensing system. The aim of this 
study is to obtain a measure of the needle penetration and withdrawal forces in a 
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fabric. The signal is acquired by a piezoelectric sensor introduced in the needle 
support bar. This study shows with this set-up, the sensor provides not only the 
forces related to needle-fabric interaction, but also other, undesired parameters which 
are reduced with specifically developed techniquies [51]. 
Rocha and Carvalho were investigated the development of a sewing test instrument 
used on the assesment of relationships between sewing machine set-up, material and 
thread properties, and sewing conditions with efficiency and quality of the seam. It 
was observed as the figure 5.7, needle penetration is divided three phases; (1) a first 
force peak caused by the contact of the needle tip with the fabric, (2) a penetration 
force peak and (3) an inverse peak generated upon inversion of the needle bar 
movement at its lowest point [2]. 
 
 
Figure 5.7 : Needle penetration force [2]. 
According to recent developments in instrumentation that enable rapid measurements 
to be made, the dynamic components of the sewing process participating in stitch 
formation can now be measured with higher accuracy. The importance of these 
measurements of the sewing process is that quantification is depended on real-time, 
not to simulated conditions. The present measurements are 'nearly real". The 
resolution reaches 10
-9
sec., and compulsory pauses in blocks of data acquisition are 
small, so that it is acceptable to call the acquisition of data 'continuous', as if it was 
acquired in real time. With the capability of modern instrumentation, many more 
parameters, besides that of the needle penetration force, can be measured 
simultaneously, leading to a more accurate and precise sewing process analysis. With 
increased sampling capabilities many unforeseen factors that arise can be quantified 
and provide fresh input for (fabric, thread, machine) designers [40]. 
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Figure 5.8 : Principles of measuring [40]. 
Kennon and Hayes were investigated the stitch formation process of a lockstitch 
machine with the aid of transducers that facilitate real-time monitoring of the sewing 
cycle. The dynamic needle-thread tension was observed at the sewing speed of 1406 
spm by using a load-cell added in the thread path between the eye of the sewing 
needle and the eye of the take-up lever [20]. 
Intelligent sewing machines and self-learning systems are another literature 
researches. In this system, the optimum mechanical adjustments of sewing thread 
control and feeding foot pressure are made by motors dynamically. In self-learning 
system is measured online and the signal is sent back to sewing machine control 
model to alter or reinforce its control criteria through the interaction between 
properties and sewing machines [52]. 
Carvalho and friends researched about the measurement and analysis of needle 
penetration forces in industrial high-speed sewing machine in 2009. The system has 
been developed as a tool for analysis of the most important mechanical effects 
occurring during high-speed sewing. It allows the measurement of several sewing 
process variables, namely the needle penetration and withdrawal forces. The 
objective of this work is the development of real-time control and monitoring 
devices, as well as offline process planning tools for industrial sewing. The 
evaluation of needle penetration forces is a particularly critical aspect. Needle 
penetration force is one of the variables whose measurement is important for the pre-
screening analysis of quality problems ('sewability testing') and for real-time quality 
monitoring. According to their results, needle penetration forces increasing with the 
increase of sewing speed [62]. 
5.3 Needle Cutting Index 
Needle cutting index is a key parameter to evaluate the sewability of fabric and seam 
quality. This indicates the number of damages of cross threads during sewing 
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operation. Yarns having damage of more than 50 percent were considered only as a 
damage. In the literature researches needle cutting index was measured according to 
ASTM 1908 standard. 
                   Number of yarns cut/ inch 
    Needle Cutting Index (%)  =                                                          *100             (5.1) 
                     Number of yarns in fabric/inch 
The needle cutting index depends on the fabric weave, cover factor, stitch density, 
thread diameter and surface properties of the thread. According to research about the 
sewing performance of stretch denim, the high needle damage of the fabrics sewn 
with corespun thread is because of higher thread diameter and more surface friction 
of corespun thread. Results showed that silicone finish reduces the needle cutting 
index. In addition, silicone reduces the coefficient of friction between thread-thread 
and thread-needle so that needle penetration force was decreased which leads to less 
seam damage [58]. 
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6. MEASUREMENT METHODS 
6.1 Signals and Sensors 
Signals are symbols or values, which appear in some order, and they are familiar 
entities from science, technology, society and life. Real meaured signals are analogue 
quantities. There are special device in order to convert analog signals to digital form. 
An ADC is a device that converts an analog signal to an equivalent digital signal. An 
analog signal is continuous in both time and amplitude, whereas a digital signal is 
discrete in time as well as in amplitude. This device has to covert an analog signal to 
an equivalent digital one in two steps: converting the analog signal to a discrete in 
time signal and converting it into a discrete in amplitudesignal. The process of 
converting an analog signal to discrete in time signal is called as „sampling‟ and the 
process of converting it to a discrete in amplitude signal is called „quantization‟. 
These processes can occur in any order. Figure 6.1 shows that signal acquisition into 
a computer from analog to digital form. 
 
Figure 6.1 : Signal acquisition into a computer [53]. 
Sensors are devices, which are used to provide information on the presence or 
absence of an object. There are many common sensor types used in many application 
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areas. These are measured displacement, velocity, acceleration, force, pressure, flow, 
level, temperature, humidity, proximity etc. [53]. 
6.2 Strain Gauge Measurement 
Strain is the amount of deformation of a body because of an applied force. As shown 
in Figure 6.2, strain (ε) is indentified as the fractional change in length.  
 
Figure 6.2 : Definition of strain [54]. 
                                                            ε = (ΔL)/L                                                    (6.1) 
Strain can be positive (tensile) or negative (compressive). Although dimensionless, 
strain is sometimes expressed in units such as in./in. or mm/mm. In practice, the 
magnitude of measured strain is very small. So, strain is often expressed as 
microstrain (µε), which is ε × 10-6 [54]. 
The cross sectional area of the material shown with A and the applied force shown 
with P. Then the stress will be P/A. Because a stress is a force working on a definite 
cross sectional area. In a basic uniaxial stress field, strain ε is proportional to stress σ, 
and equation σ= E × ε is satisfied. In this equation “E” is the elastic modulus (Young 
modulus) of the material [11]. 
External force applied to an elastic material generates stress. At this situation, the 
length L of the material extends L+ΔL if applied force is a tensile force. The ratio of 
ΔL to L is (ΔL/L) called strain. Otherwise, if the force is compressive, the length L is 
reduced to L-ΔL, and strain is (- ΔL)/L. And equation F= σ * A gives the force [11]. 
As shown in the Figure 6.2, when a bar is strained with a uniaxial force, a 
phenomenon known as Poisson Strain causes the girth of the bar, D, to contract in the 
transverse, or perpendicular, direction. The magnitude of this transverse contraction 
is a material property indicated by its Poisson's Ratio. The Poisson's Ratio ν of a 
material is defined as the negative ratio of the strain in the transverse direction 
(perpendicular to the force) to the strain in the axial direction (parallel to theforce), or 
ν = –εT/ε. Poisson's Ratio for steel, for example, ranges from 0.25 to 0.3. 
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There are many methods of measuring strain, but the most common is with a strain 
gauge, a device whose electrical resistance varies in proportion to the amount of 
strain in the device. For example, the piezoresistive strain gauge is a semiconductor 
device whose resistance varies nonlinearly with strain. The most widely used gauge, 
however, is the bonded metallic strain gauge. Figure 6.3 shows the bonded metallic 
strain gauge. This type of gauge consists of a very fine wire or metallic foil arranged 
in a grid pattern. The grid pattern maximizes the amount of metallic wire or foil 
subject to strain in the parallel direction. 
 
Figure 6.3 : Bonded metallic strain gauge [55]. 
When use the strain gauge, there is one point, which have to pay attention before 
doing experiments. The strain gauge is properly mounted onto the test specimen so 
that the strain is accurately transferred from the test specimen, through the adhesive 
and strain gauge backing, to the foil itself. Also another significant parameter of the 
strain gauge is its sensitivity to strain which is called gauge factor (GF). 
                                                  ΔR/R         ΔR/R 
                                    GF   =               =                                                                 (6.2) 
                                                  ΔL/L             ε     
 (R: Gauge resistance, ΔR: Resistance change due to strain) 
Variation in resistance caused by mechanical strain are measured in a bridge circuit 
that produces an out of balance voltage. This voltage needs to be amplified and 
displayed or stored or both, after manipulating it to present units. In a computer 
based system, all the manipulation may occur in the software either in test 
programming or in the data reduction and analysis, before and after stroge. The 
schematic strain measurement system shown in the figure 6.4. 
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Figure 6.4 : Schematic strain measurement system [55]. 
Figure 6.5 shows the Wheatstone bridge. The output voltage of the bridge V0 is; 
                                                   R3                     R2 
                               V0   = [                                       ] * VEX                                   (6.3) 
                                                R3+ R4         R1+R2 
 
From this equation, it can be seen that when R1/R2= RG1/RG2, the voltage output VO 
will be zero. Under these conditions, the bridge is said to be balanced. Any change in 
resistance in any arm of the bridge will result in a nonzero outputvoltage. 
 
Figure 6.5 : Wheatstone bridge [55]. 
There are three bridge types; 
 Quarter bridge: For this type of bridge, bridge is completing with one strain 
gauge. 
 
Figure 6.6 : Quarter bridge [55]. 
 Half bridge: Two strain gauge are used in adjacent arms of the bridge. While 
one gauge see tension, other see compression. 
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Figure 6.7 : Half bridge [55]. 
 Full bridge: Using gauge as all four arms of the Wheatstone bridge [55]. 
 
Figure 6.8 : Full bridge [55]. 
6.3 Data Acquisition Systems 
Data acquisition device collect, digitise and process multiple sensor or signal inputs 
for the purpose of monitoring, analysing or controling systems and processes. Many 
device and instruments can be combined in order to achieve data acquisition. Today, 
most scientists and engineers are using personal computers with PCI, 
PXI/CompactPCI, PCMCIA, USB, or parallel or serial ports for data acquisition in 
laboratory research, test and measurement, and industrial automation. Many 
applications use plug-in boards to acquire data and transfer it directly to computer  
memory. Others use data acquisition (DAQ) hardware remote from the computer that 
is coupled via parallel or serial port. Obtaining proper results from a PC-based DAQ 
system depends on each of the following system elements (see Figure 6.9). 
• The personal computer 
• Transducers 
• Signal conditioning 
• DAQ hardware 
• Software 
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Applications include manufacturing testing of all types of technical products, safety, 
environment, certification and other research projects [56]. 
 
Figure 6.9 : The typical computer based DAQ system [56]. 
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7. EXPERIMENTAL 
7.1 Material 
Fabrics: Six different denim fabrics were used for the experimantel stages. Three of 
them 100% cotton, one of them 98% cotton - 2% elastane, one of them 98.5% cotton 
- 1.5% elastane and one of them is 74% cotton - 24% PA – 2% elastane. All fabrics 
were supplied from the industry for this investigation. Table 7.1 shows the main 
properties of fabrics.  
Sewing Thread: Sewing thread were choosen according to their usage in the 
industry. The important parameters for the sewing thread are tkt yarn number and 
ply. Coats Epic yarn which is ticket number 80, 40/2 tex, 2 ply 100 % spun polyester 
sewing thread was used for all experiments.  
This type of thread is a high tech corespun thread that combines a high tenacity 
polyester filament core with a polyester fibre wrap to make a versatile and reliable 
thread. Also, it is better for delicate garments as well as jeans and work wear.  
Sewing Needles: Two different needle sizes were used according to the fabric 
weights. Groz-Beckert industrial sewing needles were used. First needle, which is 
DP*5, needle no. 10, Nm 120/ 19 and point shape is R, used for 1000 rpm and 2500 
rpm. Second needle, , which is DP*5, needle no. 10, Nm 130/ 21 and point shape is 
R, used for 2500 rpm.  
Sewing machine: Brother “DB2-b737-415” single needle lockstitch sewing machine 
was used for the experimental stages.  
Experiments were done in two different sewing speed 1000 and 2500 rpm. 
Stitch density was chosen according to fabric properties and sewing machine speed. 
Two various stitch density were used respectively 3 stitch/cm and 5 stitch/cm. 
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Table 7.1 : Fabric properties. 
 
FABRIC CODE 1 2 3 4 5 6 
FABRIC NAME 6751A-42 00B1 STF ISKO- 44787 RR 3516  INOX 
RR 9510 
SIOUX RR 9678 SIOUX 
TIFANNY 
BLACK 
COMPOSITION 100% Cotton 
98.5% Cotton 1.5% 
EA 100% Cotton 100% Cotton 
74 % Cotton 24 % PA 
2% EA 
98 % Cotton 2% 
EA 
WEAVE 3/1 Z 3/1 Z 3/1 Z 3/1 Z 3/1 Z 3/1 Z 
WARP DENSITY 
(density/cm) 26 26 30 21 34 34 
WEFT DENSITY 
(density/cm) 18 18 19 19 17 18 
WARP / NE 8.0 9,5 20 8 10 10 
WEFT / NE 7,20 11,3 10 10 19 12 
WEIGHT 
(UNWASHED) 390 g/m²  329 g/m² 415 g/m² 380 g/m² 330 g/m² 370  g/m² 
WEIGHT (WASHED) 430 g/m²  363 g/m² 410 g/m² 395 g/m² 330 g/m² 457  g/m² 
WIDTH 154 cm 149 cm 160 cm 160 cm 140 cm 138 cm 
FINISHING Shrink to Fit Colorkiss Pre-Shrunk Pre-Shrunk Pre-Shrunk Flat sanfor 
TEAR (WARP) 4000 g 5560 g 4500 g 7000 g 4200 g 7973 g 
TEAR (WEFT) 3600 g 2950 g 3450 g 3000 g 4700 g 4510 g 
TENSILE (WARP-
WEFT) 75 kg 95 kg 70 kg 100 kg 68 kg 84 kg 
TENSILE (WEFT) 52 kg 40 kg 45 kg 60 kg 75 kg 37 kg 
CROCKING (DRY) 3 3,75 4 4 4 1,8 
CROCKING (WET) 1 2,25 2 2 2 4,2 
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A pair of CEA-06-125UN-350 strain gauges were used during the experiments.  
They bonded to the needle bar oppositely and quarter bridge configuration was used. 
Gauge length is 3 mm. Electrical resistance type strain gauges were used. Figure 7.1 
and 7.2 shows bonded strain gauges to the needle bar surface.  
 
Figure 7.1 : General view of needle bar with bonded strain gauge. 
 
Figure 7.2 : Strain gauge on the needle bar. 
Data acquisition was done using ESAM Traveller amplifier and ADC converter. 
Electronic Signal Acquisition Module, which is called ESAM, is a measuring system 
used during the experiments. ESAM Traveller is a high-performance digital data 
acquisition system for amplifying and conditioning of analogue sensor signals. The 
Master Unit represents the heart of the system. In a very small cabinet it contains: 
The power supply, the USB-Interface with a RAM-data buffer, the A/D-Converter as 
well as 8 modules of Model SGA3 strain gauge bridge amplifiers. This device can 
measure up to 16 analogue channels ( or 32, 64 channels in special 32 or 64 channels 
version) and up to four digital channels. ESAM co-operates with wide family of 
acquisition boards that can measure from 50,000 up to 300,000 samples per seconds. 
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The board is mounted inside computer or in a special box attached to computer via 
USB or parallel interface. ESAM stores all channels parameters like number, gain, 
calibration, limits, etc. for all defined tests. Figure 7.3 indicates the general view of 
ESAM amplifier. 
 
Figure 7.3 : ESAM amplifier. 
Single-phase AC velocity controller was mounted on the sewing machine in order to 
control sewing machine velocity.  
Figure 7.4 shows the general view of the “sewability tester device”. 
 
Figure 7.4 : General view of the sewability system. 
Figure 7.5, 7.6 and 7.7 indicates cables‟ placement, coming from the strain gauges to 
the amplifier unit with a quarter bridge.  
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Figure 7.5 : Needle bar placement part in the machine. 
 
Figure 7.6 : Needle bar in the machine. 
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Figure 7.7 : Needle bar placement with cables. 
Before production of  an optimum needle bar shape, some figures drawn in the 
ANSYS program. Figure 7.8 shows the needle bar which was drawn on the ANSYS 
engineering simulation program in order to calculate physical responses of the bar 
such as stress levels. Dark blue part is not influenced the forces. Light blue parts of 
the sketch are exposed to stress. Therefore, strain gauges were bonded to these parts. 
      
 
Figure 7.8 : Needle bar sketch in ANSYS program. 
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7.2 Calibration Process 
After bounded strain gauges to the needle bar, this needle bar taken from the machine 
and calibration process was done. Strain gauge cables‟ put on the ESAM amplifier. 
According to hanging the certain weights on this parts, get some values on the 
ESAM screen . In ESAM screen, there were the specific values with corresponding 
weights. After getting all these values, calibration graphics were ploted. If these 
values gets the linear charts, this is an important evidence of the strain gauges are 
working correctly. However, in order to completing calibration process, this step 
should be repeat in three times. After controlling all charts, calibration were 
completed. Table 7.2, 7.3 and 7.4 shows three different calibration values.  Figure 
7.9, 7.10 and 7.11 shows the calibration charts. 
Table 7.2 : Calibration values-1. 
M (g) Mean Gauge-1(µm/m) Gauge-2  (µm/m) 
0 -15 -8 -22 
100 -12,5 -5 -20 
300 -7,6 0,3 -15,5 
500 -3,25 4,5 -11 
700 1,25 9,2 -6,7 
1200 13 20 6 
1700 25 31 19 
 
 
 
Figure 7.9 : Calibration chart-1. 
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Table 7.3 : Calibration values-2. 
M (g) Mean Gauge-1(µm/m) Gauge-2(µm/m) 
0 -11 -10 -12 
100 -7,75 -7 -8,5 
300 -3,35 -2,2 -4,5 
500 0,9 2 -0,2 
700 6 7 5 
1200 17,5 18 17 
1700 30,5 30 31 
 
 
 
Figure 7.10 : Calibration chart-2. 
 
Table 7.4 : Calibration values-3. 
M (g) Mean 
Gauge-
1(µm/m) 
Gauge-
2(µm/m) 
0 -11,5 -11 -12 
100 -9,65 -8,5 -10,8 
300 -4 -2,5 -5,5 
500 0,5 2 -1 
700 5,5 6,5 4,5 
1200 17,75 18 17,5 
1700 30,75 30 31,5 
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Figure 7.11 : Calibration chart-3. 
7.3 Measurement system 
Since warp seams are more significant to overall garment appearance, sewing 
measurements were done in warp directions. 10 cm * 120 cm samples were prepared 
from six denim fabrics in warp directions, as described in ASTM-D 1908. 
Experiments were done in two different machine speed respectively 1000, 2500 rpm. 
Machine setting were adjusted for every new fabric type to give a balanced stitch. 
Two various stitch density were used respectively 3 stitch/cm and 5 stitch/cm. 
Fabrics and thread samples were conditioned under standard atmospheric conditions. 
Table 7.5, 7.6 and 7.7 shows the codes given to the samples. Table 7.8  indicates the 
codes given samples sewn without sample. First digit of the numbers are showing the 
fabric code. 
Before taking tha data, the quarter bridge must be balanced. Esam has filter built on 
the acquisition board, but sometimes it is necessary to improve strongly noise signals 
by means of computer digital filters. This process can be done on the ESAM system. 
Signals were processed after sewing to eliminate the noises. 
Table 7.5 : Samples‟ codes with sewing 1000 rpm. 
10 20 30 40 50 60 
101 201 301 401 501 601 
102 202 302 402 502 602 
103 203 303 403 503 603 
104 204 304 404 504 604 
105 205 305 405 505 605 
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Table 7.6 : Samples‟ codes with sewing 2500 rpm first needle. 
1 2 3 4 5 6 
1002 2002 3002 4002 5002 6002 
1003 2003 3003 4003 5003 6003 
1004 2004 3004 4004 5004 6004 
1005 2005 3005 4005 5005 6005 
1006 2006 3006 4006 5006 6006 
 
Table 7.7 : Samples‟ codes with sewing 2500 rpm second needle. 
100 200 300 400 500 600 
1010 2010 3010 4010 5010 6010 
1020 2020 3020 4020 5020 6020 
1030 2030 3030 4030 5030 6030 
1040 2040 3040 4040 5040 6040 
1050 2050 3050 4050 5050 6060 
 
Table 7.8 : Samples‟ codes without sample. 
1000 rpm 01 02 03 04 05 06 
2500 rpm(needle-1) 11 22 33 44 55 66 
2500 rpm(needle-2) 111 222 333 444 555 666 
 
Before starting each group of fabric samples sewing, one measurement was taken 
without any fabric. This step was applied for each group of fabrics in two sewing 
speed in order to eliminate other forces which are occurred by the system. Then 
samples were sewing at determinated sewing speed. Force measurement was done by 
using MATLAB program and force formula.  
Sewing needle temperature was measured by the TESTO 885 Termal Camera. 
General sewing needle temperature measuring system shows in the figure 7.12.  
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Thermal cameras are used in many industrial and technological researches. This is a 
special camera that is showing the temperature distribution on the watching material.  
 
 
Figure 7.12 : Temperature measuring system. 
Figure 7.13 illustrates the TESTO- 885 termal camera.  
 
 
Figure 7.13 : TESTO-885 Termal Camera. 
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8. RESULTS AND DISCUSSION 
8.1. Needle Penetration Forces 
The results show the needle penetration forces according to different determined 
conditions. These results represent that; the real-time sewing force measurements can 
be obtained. So, fabric/ machine interaction can be monitored simultaneously. 
Maximum force values represent the needle penetration forces when the point of the 
needle penetrated fabric. Withdrawal forces show with the minimum forces. Table 
8.1 shows the needle penetration forces at sewing speed 1000 rpm. Table 8.2 shows 
the needle penetration forces at sewing speed 2500 rpm with first needle (finer) and 
Table 8.3 shows the needle penetration forces at sewing speed 2500 rpm with second 
needle (thick). 
Table 8.1 : Needle penetration forces at 1000 rpm. 
 Code Minimum force (N) Maximum force (N) 
Fabric-1 01 -0,471 0,266 
 10 -0,5482 1,593 
 101 -0,6255 1,615 
 102 -0,6275 1,830 
 103 -0,701 1,893 
 104 -0,724 2,321 
 105 -0,779 2,778 
Fabric-2 02 -0,434 0,247 
 20 -0,5008 1,415 
 201 -0,517 1,497 
 202 -0,543 1,698 
 203 -0,580 1,723 
 204 -0,591 2,009 
 205 -0,632 2,087 
Fabric-3 03 -0,469 0,262 
68 
 30 -0,1945 1,433 
 301 -0,5354 1,555 
 302 -0,5721 1,704 
 303 -0,648 1,770 
 304 -0,6523 1,943 
 305 -0,669 2,433 
Fabric-4 04 -0,453 0,255 
 40 -0,5312 1,423 
 401 -0,540 1,598 
 402 -0,549 1,724 
 403 -0,607 1,758 
 404 -0,614 1,824 
 405 -0,6465 2,399 
Fabric-5 05 -0,401 0,217 
 50 -0,508 1,355 
 501 -0,536 1,487 
 502 -0,550 1,643 
 503 -0,555 1,727 
 504 -0,596 1,873 
 505 -0,607 2,050 
Fabric-6 06 -0,474 0,298 
 60 -0,643 1,753 
 601 -0,659 1,743 
 602 -0,658 1,957 
 603 -0,671 2,047 
 604 -0,777 2,428 
 605 -0,7884 3,311 
 
Table 8.2 : Needle penetration forces at 2500 rpm, Needle No 19. 
 Code Minimum force Maximum force 
Fabric-1 11 -0,478 0,297 
 1 -4,7009 10,511 
 1002 -4,766 10,982 
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 1003 -4,803 11,130 
 1004 -4,796 11,480 
 1005 -4,805 11,560 
 1006 -4,888 11,910 
Fabric-2 22 -0,452 0,290 
 2 -4,000 6,213 
 2002 -4,005 6,408 
 2003 -4,108 8,018 
 2004 -4,196 8,461 
 2005 -4,241 9,581 
 2006 -4,359 10,520 
Fabric-3 33 -0,456 0,298 
 3 -4,625 7,661 
 3002 -4,666 8,210 
 3003 -4,603 10,9 
 3004 -4,696 11,16 
 3005 -4,711 11,24 
 3006 -4,779 11,49 
Fabric-4 44 -0,456 0,299 
 4 -4,247 6,715 
 4002 -4,298 7,592 
 4003 -4,305 10,480 
 4004 -4,489 10,670 
 4005 -4,551 11,112 
 4006 -4,579 11,350 
Fabric-5 55 -0,460 0,290 
 5 -3,975 4,647 
 5002 -3,986 5,361 
 5003 -3,990 6,411 
 5004 -4,004 8,576 
 5005 -4,193 8,867 
 5006 -4,114 9,687 
Fabric-6 66 -0,478 0,301 
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 6 -4,781 11,030 
 6002 -4,796 11,065 
 6003 -4,803 11,360 
 6004 -4,865 11,592 
 6005 -4,900 11,824 
 6006 -4,989 11,940 
 
Table 8.3 : Needle penetration forces at 2500 rpm, Needle no 21. 
 Code Minimum force Maximum force 
Fabric-1 111 -0,5013 0,334 
 100 -6,956 10,865 
 1010 -7,008 11,002 
 1020 -7,008 11,180 
 1030 -7,130 11,356 
 1040 -7,448 11,541 
 1050 -7,509 13,490 
Fabric-2 222 -0,5011 0,335 
 200 -5,800 7,530 
 2010 -5,893 8,347 
 2020 -6,022 9,844 
 2030 -6,114 11,452 
 2040 -6,398 11,721 
 2050 -6,634 12,030 
Fabric-3 333 -0,5013 0,335 
 300 -6,665 9,830 
 3010 -6,710 10,481 
 3020 -6,857 11,142 
 3030 -6,999 11,980 
 3040 -7,087 12,370 
 3050 -7,141 12,820 
Fabric-4 444 -0,5030 0,334 
 400 -6,163 8,944 
 4010 -6,201 9,512 
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 4020 -6,416 10,861 
 4030 -6,535 11,223 
 4040 -6,698 11,870 
 4050 -6,960 12,390 
Fabric-5 555 -0,5002 0,3349 
 500 -5,346 5,914 
 5010 -5,529 7,603 
 5020 -5,667 8,425 
 5030 -5,753 10,968 
 5040 -5,900 11,471 
 5050 -5,997 11,530 
Fabric-6 666 -0,5059 0,350 
 600 -7,011 12,771 
 6010 -7,163 12,988 
 6020 -7,201 13,256 
 6030 -7,235 13,851 
 6040 -7,574 14,260 
 6050 -7,689 15,933 
 
Generally, it was observed that the needle penetration forces are higher than the 
needle withdrawal forces. These results are suitable with the results found by Little 
et. al.  
The first important observation is that the main parameter influencing needle 
penetration and withdrawal forces is sewing speed. As a results of experiments which 
were done at 1000 rpm and 2500 rpm sewing speed, sewing speed is directly 
influence the needle penetration forces. Figure 8.1 shows the needle penetration 
forces sewing 1000 and 2500 rpm in one ply. When sewing speed is increasing, the 
needle penetration forces are increasing too. These results are convenient with the 
Carvalho and friends‟ research about the needle penetration at hign speed. Figure 8.2 
shows the needle penetration forces at two different speed in six plies. 
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Figure 8.1 : Needle penetration forces at different sewing speed in one ply. 
 
 
Figure 8.2 : Needle penetration forces at different sewing speed in six plies. 
 
The second observation is that for the ply of the fabrics. Figure 8.3 indicates the 
effect of ply number to the needle penetration force. Series 1 represents one ply of 
sample; series 2 three plies sample and series 3 is six plies of samples at the same 
sewing speed 1000 rpm. As seen in the results, needle penetration forces increasing 
with increase of ply number. The highest value is getting on the six plies of fabric. 
The reason of the increasing needle penetration forces with the ply of the fabric is 
related with the frictional forces. With increasing ply number, frictional force 
between needle and fabric is increasing, too.  
0
2
4
6
8
10
12
1 2 3 4 5 6
F
o
rc
e 
(N
)
Sample No.
Series1
Series2
0
2
4
6
8
10
12
14
1 2 3 4 5 6
F
o
rc
e 
(N
)
Sample No.
Series1
Series2
73 
 
Figure 8.3 : Needle penetration forces in different ply of samples and same speed. 
Figure 8.4 shows the needle penetration forces for six fabric samples which were 
sewn on 1000 rpm in one ply. This figure presents effect of fabric weight on the 
needle penetration forces. It can be observed that fabric weight has a significant 
parameter for the needle force. When the other conditions such as speed, number of 
ply are equal for each group of samples, the highest weight fabric, which is Fabric 6, 
has a higher needle penetration forces. The lowest weight fabric, which is Fabric 5, 
has a lowest needle penetration forces. Weight of fabric is sorting by bigger than 
lower; 6>1>3>4>2>5. And the needle penetration is directly related with these 
weight sorting.  
 
Figure 8.4 : Needle penetration forces at 1000 rpm one ply. 
Figure 8.5 shows the needle penetration forces for six samples, which were sewn at 
1000 rpm with six plies. As seen on the figure, needle penetration forces are 
increasing with the fabric weight increasing. The highest needle penetration force 
belongs to Fabric 6 in six plies. 
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Figure 8.5 : Needle penetration forces at 1000 rpm six plies. 
Another comparison parameter is needle size. Needle size effect on the needle 
penetration forces is investigated at same speed 2500 rpm. Figure 8.6 illustrates the 
needle penetration forces according to needle size. The lowest needle penetration 
force occurs in small needle size. The main reason for this situation is needle friction 
area. When the needle number is increasing, friction forces are increasing because of 
increasing needle surface area. 
 
Figure 8.6 : Needle penetration forces at 2500 rpm with different needle. 
It can be possible to observe characteristic waveform obtained from the sensor 
signals during the experiments. These characteristic waveforms, which can be seen 
on the ESAM screen, are the fundamental parameters to understand the sewing 
dynamics and will form the database for the next studies. In addition, the waveforms 
obtained for a sewing cycle are similar to the waveforms found by some researchers 
such as Matthews and Little, Mallet and Xu, Rocha et.al. and Carvalho et.al. Figure 
8.7 shows the waveform of the sample 1 in one ply at sewing speed 1000 rpm. In this 
figure, phase 1 shows the first contact of the needle tip with the fabric, and 
penetration of the eye, producing a first force peak; phase 2 shows the needle 
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penetration and the needle passes through the fabric, the shaft penetrates and 
produces a second peak; phase 3 shows the withdrawal  force. 
 
Figure 8.7 : Waveforms for coded sample 10. 
Figure 8.8 shows the waveform for the sample coded 605. Maximum needle 
penetration force was measured 3,311 N. With compare the sample 1 and sample 6, 
needle penetration force is higher for the sample 6 because of the fabric weight and 
ply parameters.  
 
Figure 8.8 : Waveforms for coded sample 605. 
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Figure 8.9 indicates the needle penetration forces for the sample coded 504. 
Maximum needle penetration force is 1,873 N. Withdrawal forces are smaller than 
the needle penetration forces. 
 
Figure 8.9 : Waveforms for coded sample 504. 
Sewing speed is directly influenced the sewing dynamics as seen on the figure 8.10. 
This figure shows the waveforms for the sample coded 1 at sewing 2500 rpm.  
 
 
Figure 8.10 : Waveforms for coded sample 1. 
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Figure 8.11 presents the waveforms of the sample coded 3006. Maximum needle 
penetration force was measured 11.49 N. 
 
Figure 8.11 : Waveforms for coded sample 3006. 
 
8.2 Thermal Camera Results for the Sewing Needle 
Sewing needle temperature distribution was measured by the thermal camera. 
Experiments were done on the laboratory conditions. Therefore, these measurements 
were not reflect the real production conditions. In mass production unit, sewing 
needle is sewing lots of fabrics in a short time and temperature reaches high 
temperature. Because of this reason, needle temperature results are a bit unexpected. 
Figure 8.12 shows the needle temperature distribution for the fabric 1, six ply. 
Maximum temperature was measured 33,2°C, mean value is 31,3°C. 
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Figure 8.12 : The needle temperature distribution for the fabric. 
Figure 8.13 shows the needle temperature for the fabric 3, six ply. 
 
 
Figure 8.13 : The needle temperature for the fabric 3, six ply. 
Figure 8.14 indicates line temperature distribution in the same sample in the figure 
8.12. As seen on the figure temperature increasing at the sewing time and decreasing 
to end of the sewing process. 
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Figure 8.14 : The line profile needle temperature for the fabric 3, six ply. 
 
Figure 8.15 shows the needle temperature for the fabric 4, six ply. 
 
 
Figure 8.15 : The needle temperature distribution for the fabric 4, six ply. 
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8.3 Statistical Analysis 
SPSS Statistical program was used for statistical analysis each groups. This program 
is used primarily statistical analysis and provides tool to analyze data and create 
reports and graphs from that data. Pearson‟s correlation coefficient and significant 
values were obtained from this analyzing. Three categorises can be defined for the 
Pearson‟s correlation; positive, negative and no correlation; 
 Positive correlation; the other variable has a tendency to also increase 
 Negative correlation; the other variable has a tendency to also decrease 
 No correlation; the other variable does not tend to either increase or decrease. 
Pearson correlation coefficient range is -1 to 1. If the value closer to 1 or -1, this 
means there is a stronger linear correlation between the checking parameters.  
8.3.1 Statistical analysis for the first group of samples 
First group of samples, which were sewn at sewing speed 1000 rpm, evaluated 
according to weight and ply parameters. Confidence internal level is 95 %. Table 8.4 
shows the Pearson correlation coefficient for the weight and ply factors. According 
to these results, ply and needle penetration force (maximum force) correlation higher 
than weight and force correlation. Weight and needle penetration forces are related 
positively with the 0,209 correlation coefficient. Ply and needle penetration forces 
are related positively with the 0,788 correlation coefficient and high significance 
level. 
Table 8.4 : Correlation for the first group of samples. 
 Min_force_1 (N) Max_force_1 (N) 
weight Pearson Correlation ,398
**
 ,209 
Sig. (2-tailed) ,009 ,183 
ply Pearson Correlation ,714
**
 ,788
**
 
Sig. (2-tailed) ,000 ,000 
        **. Correlation is significant at the 0.01 level (2-tailed). 
8.3.2 Statistical analysis for the second group of samples 
Second group of samples, which were sewn at sewing speed 2500 rpm, evaluated 
according to weight and ply parameters. Confidence internal level is 95 %. Table 8.5 
shows the Pearson correlation coefficient for the weight and ply factors. Weight and 
needle penetration forces are related positively with 0,340 correlation coefficient. Ply 
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and needle penetration forces are related positively with 0,674 correlation coefficient 
and high significance level. 
Table 8.5 : Correlation for the second group of samples. 
 Min_force_2 (N) Max_force_2 (N) 
weight Pearson Correlation ,181 ,340
*
 
Sig. (2-tailed) ,252 ,028 
ply Pearson Correlation ,519
**
 ,674
**
 
Sig. (2-tailed) ,000 ,000 
*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
8.3.3 Statistical analysis for the third group of samples 
 
Third group of samples, which were sewn at sewing speed 2500 rpm with high 
needle size, evaluated according to weight and ply parameters. Confidence internal 
level is 95 %. Table 8.6 shows the Pearson correlation coefficient for the weight and 
ply factors. Weight and needle penetration forces are related positively with 0,272 
correlation coefficient. Ply and needle penetration forces are related positively with 
0,681 correlation coefficient and high significance level. 
 
Table 8.6 : Correlation for the third group of samples. 
 Min_force_3 (N) Max_force_3 (N) 
weight Pearson 
Correlation 
,218 ,272 
Sig. (2-tailed) ,165 ,081 
ply Pearson 
Correlation 
,552
**
 ,681
**
 
Sig. (2-tailed) ,000 ,000 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
 
In this study, main parameter is high speed sewing correlation. In order to evaluate 
speed correlation, first group and second group samples were compared. 
Max_force_1 As seen on the table 8.7, needle penetration force_1 and force_2 are 
related positively with 0,905 Pearson correlation coefficient and high significance 
level. 
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Table 8.7 : Correlation for speed effect between needle penetration forces. 
 
Min_force_1 
(N) 
Max_force_1
(N) 
Min_force_2 
(N) 
Max_force_2
(N) 
Min_force_1(N) Pearson 
Correlation 
1 ,767
**
 ,576
**
 ,727
**
 
Sig. (2-
tailed) 
  
,000 ,000 ,000 
Max_force_1(N) Pearson 
Correlation 
,767
**
 1 ,880
**
 ,905
**
 
Sig. (2-
tailed) 
,000 
  
,000 ,000 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
Last correlation was measured for the needle size effect. Second and third group of 
samples were compared. Table 8.8 indicates the Pearson correlation coefficient and 
significance level. Needle penetration force_2 and force_3 are related positively with 
0,974 Pearson correlation coefficient and high significance level. 
Table 8.8 : Correlation for needle size effect between needle penetration forces. 
 
Min_force_2 
(N) 
Max_force_2
(N) 
Min_force_3 
(N) 
Max_force_3
(N) 
Min_force_2(N) Pearson 
Correlation 
1 ,932
**
 ,997
**
 ,949
**
 
Sig. (2-
tailed)   
,000 ,000 ,000 
Max_force_2(N) Pearson 
Correlation 
,932
**
 1 ,949
**
 ,974
**
 
Sig. (2-
tailed) 
,000 
  
,000 ,000 
**. Correlation is significant at the 0.01 level (2-tailed). 
8.4 Needle Cutting Index 
Needle cutting index was measured in order to evaluate seam damage at the sewing 
stage. After sewn all fabrics, samples have been sent to washing to the factory. Then 
stitch damages were counted. Table 8.9 shows the needle cutting index for the first 
group of samples which were sewn at 1000 rpm. 
Table 8.9 : Needle cutting index at 1000 rpm. 
Sample Code Needle Cutting Index(%) 
10 2,960 
101 3,703 
102 4,440 
103 4,810 
104 5,550 
105 5,550 
    
20 11,200 
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201 11,600 
202 12,400 
203 13,600 
204 14,000 
205 14,800 
    
30 10,000 
301 11,480 
302 12,220 
303 12,960 
304 12,590 
305 14,070 
    
40 1,600 
401 1,600 
402 2,400 
403 2,000 
404 2,800 
405 2,800 
    
50 17,600 
501 18,800 
502 19,200 
503 20,400 
504 21,200 
505 22,400 
    
60 3,180 
601 3,636 
602 4,545 
603 5,000 
604 5,000 
605 6,360 
Figure 8.16 shows the chart of these needle cutting index values. According to 
results, higher damage belongs to sample 5. 
 
Figure 8.16 : Needle cutting index at 1000 rpm. 
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Table 8.10 indicates the needle cutting index for the first group of samples which 
were sewn at 2500 rpm. with small needle size. 
Table 8.10 : Needle cutting index at 2500 rpm., small needle size. 
Sample Code Needle Cutting Index (%) 
1 2,2 
1002 2,59 
1003 2,59 
1004 3,33 
1005 3,703 
1006 3,703 
    
2 13,63 
2002 15,45 
2003 14,55 
2004 16,36 
2005 19,09 
2006 23,63 
    
3 14,4 
3002 15,815 
3003 15,55 
3004 16,67 
3005 17,407 
3006 17,407 
    
4 1,6 
4002 2,8 
4003 2,8 
4004 3,2 
4005 3,2 
4006 4,8 
    
5 23,6 
5002 24,4 
5003 26 
5004 26 
5005 26,4 
5006 27,2 
    
6 3,636 
6002 4,545 
6003 4,545 
6004 5,45 
6005 5,9 
6006 7,72 
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As shown in the Figure 8.17, needle cutting indexes are increasing with the increase 
of speed. 
 
Figure 8.17 : Needle cutting index at 2500 rpm., small needle size. 
Table 8.11 shows the last group of samples‟ needle cutting index results.  
Table 8.11 : Needle cutting index at 2500 rpm., big needle size. 
kumaş 
kodu 
İğne Kesme İndeksi 
(%) 
100 2,25 
1010 2,25 
1020 2,5 
1030 2,75 
1040 3 
1050 3,25 
    
300 15,56 
3010 16,22 
3020 16,44 
3030 16,44 
3040 16 
3050 16,67 
    
400 1,667 
4010 2,29 
4020 2,49 
4030 2,53 
4040 2,7 
4050 2,7 
    
500 29,5 
5010 32,75 
5020 33,75 
5030 34 
5040 33 
5050 34,75 
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Figure 8.18 represents the needle cutting indexes sewing at 2500 rpm and high 
needle size. 
 
Figure 8.18 : Needle cutting index at 2500 rpm., big needle size. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
87 
 
9. CONCLUSION AND RECOMMENDATIONS 
In many high speed industrial sewing machines make a high seam damage because 
of the high needle penetration forces at sewing process. Therefore, the main issue is 
measuring the needle penetration forces and determining which parameters mostly 
affected to needle penetration forces.This study includes investigation of a new 
device for measuring sewability, needle penetration forces and on-line monitoring in 
a real time. New needle bar was designed according to tensions parts in the sewing 
machine. Before make an optimum needle bar shape, some figures drawn in the 
ANSYS program. Four different needle bar shape design and analyse in this 
program. Needle bar shape and bounded strain gauges placement was determined 
according to analyse results as seen on the Figure 7.7.  A pair of electrical strain 
gauges were used during the experiments.  They bonded to the needle bar oppositely 
and quarter bridge configuration was used. Signals, which were received from strain 
gauges, were upgraded and evaluated with the ESAM amplifier. Digital datas were 
obtained as well as analog signals converted to digital signals. 
Establishing with this new system, effects of sewing speed, ply number, fabric 
weight and needle size to needle penetration forces were investigated.  
First group of samples indicate the relationship between sewing speed and needle 
penetration forces. As a results of experiments which were done at 1000 rpm and 
2500 rpm sewing speed, sewing speed is directly influence the needle penetration 
forces. When sewing speed is increasing, the needle penetration forces are increasing 
too. These results are convenient with the Carvalho and friends‟ research about the 
needle penetration at hign speed. 
Second groups of samples show the effect of ply number to needle penetration 
forces. The lowest needle penetration force measured from the one ply fabric. The 
highest value is getting on the six plies of fabric. The reason of the increasing needle 
penetration forces with the ply of the fabric is related with the frictional forces. With 
increasing ply number, frictional force between needle and fabric is increasing, too. 
88 
Third groups of samples compare the different weight fabrics. According to sewing 
results at same speed but different fabric weight, needle penetration forces are 
increasing with the increase of fabric weight. 
Another comparison parameter is needle size. The lowest needle penetration force 
occurs in small needle size. The main reason for this situation is needle friction area. 
When the needle number is increasing, friction forces are increasing because of 
increasing needle surface area. 
In addition, characteristic waveform can be obtained from the sensor signals during 
the experiments. As seen on the Figure 8.7, the waveforms obtained for a sewing 
cycle are similar to the waveforms found by some researchers such as Matthews and 
Little, Mallet and Xu, Rocha et.al. and Carvalho et.al. 
SPSS Statistical program was used for statistical analysis each groups. Pearson‟s 
correlation coefficient and significant values were obtained from this analyzing. As 
shown in the SPSS results and Pearson correlation coefficient, sewing speed, ply 
number, weight and needle size correlated with the needle penetration forces. 
Needle cutting indexes were evaluated for each group of samples. Highest damage 
value obtained in high speed. Thermal camera results are a bit unexpected. Because, 
experiments were done on the laboratory conditions. So, these measurements were 
not reflect the real production conditions. In mass production unit, sewing needle is 
sewing lots of fabrics in a short time and temperature reaches high temperature. 
There are some recommendations for the future studies; 
 This study was researched only one type of stitch. In development study, 
stitch range can be extended to other stitch types. 
 The experiments should be done to see the needle penetration forces‟ effects 
when sewing in weft direction. 
 Different types of sewing yarns, woven or knitted fabrics can be used for the 
experiments. According to these variations, an extensive database will obtain 
to development this intelligent sewing system. 
 Evaluating thermal properties of needle and measuring needle temperature, 
measurements can be done in the apparel factory to reflect real production 
process. 
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